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Baker Coring Equipment is Complete--- 


; with Every Advantageous Featu¥e 


Those of you who have used and learned to appreciate the super- 
iorities in performance which have been made possible by the Baker 
Cable Tool Core Barrel will be glad to know that the Baker Rotary 
re Core Barrel has now been placed on sale, after more than three years 
+ of unremitting effort in testing, improving, and perfecting it. 


This makes the Baker line of coring equipment complete, and 
< offers to the geologist a core barrel for either cable tool or rotary 
‘4 drilling which will bring to the surface cores which will be found very 
near to perfect. 


The Baker Rotary Core Barrel is different from other core 
Barrels and has a number of marked advantages which are achieved 
through the suspending of the Inner Assembly or Core Retaining 
Tube from the head of the Outer Barrel by means of a swivel connec- 
tion containing a Thrust Bearing which actuates the swivel. 


During the operation of the Baker Rotary Core Barrel and because 
of this swivel connection, the Inner or Core Retaining Tube remains 
stationary, while the Drill Barrel revolves around it. This feature 
assures an undamaged, perfect core which will give you the informa- 
tion you must have. 


We have prepared an exhaustive treatise of the Baker Rotary 
Core Barrel which you should have for a full appreciation of the many 
unusual merits of this Core Barrel. We will be glad to send it to you, 
J on request. We also have similar literature on the Baker Cable Tool 
. Core Barrel. If you have not already received it, be sure to specify it, 
also, in your request. 


E. Sales Offi B ER. Mid-Continent Branches; 
xport es ce: 
2301 Commerce St. 
Room 736, 25 Broadway, 
New York, N. Y. OIL I O LS. IN( Houston, Texas 


220 E. Brady St. 
Stocks of Baker Tools and Main Office and Factory Tulsa, Okla. 
Equipment are carried by Box L, HUNTINGTON PARK, CAL. 


Dealers in all active fields 


Full Stocks and Immediate 
California Branches Service are always available 


Coalinga Taft Bakersfield Santa Barbara wn 


Please use coupon on last page of advertisements in answering advertisers 
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This photograph was taken in the Refugio 
field on October 27, 1930, on Moss Heard 
No. 1, Block 111, Refugio Townsite, L. L. 
Smith, operator. 


The top seven feet of this core was in 
shale — the remaining eight feet, hard sandy 
lime. 


This was the third run made by this head 
and practically no wear was shown. 


Prior to this run, Reed-Elliott Soft For- 
mation Heads were used, and almost 100% 
recovery was secured in each instance. 


Core Bit Reamer Bodies were used in 
connection with both hard and soft forma- 
tion core bit heads. 


For full recovery — at low cost Reed 
Core Bits have no equal. 


Gulf Coast and Mid-Continent 
distributors of 
.MARTIN-DECKER PRODUCTS 


FROM.8035 8050 ii ii 
{ Top row: Mr, Pate, Mr. Collier, Man- 
Bottom row: Three members of crew. |; $ a 
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CORE Economy 


Question! 


Your coring operations cost you as much, or as 
little, as the final cost of getting the full and relia- 
ble facts you’re after. 

The final cost of running-in, coring, and coming- 
out, will be the same whether you recover a full 
length, well formed, informative core, or a short, 
defective one. 

Careful comparison will disclose that Elliott Core 
Drills recover full length, well formed,fully informa- 
tive cores—and therefore at the lowest possible cost X 
per foot of core recovered. 


Send for catalog giving complete information and specifications. 


ro CORE DRILLING COMPANY 
4731 East 52 = Drive 


LOS ANGELES, CALIFORNIA. 


EXPORT OFFICE: 
150 Broadway, New York 


‘ 


] 
| 


The Elliott Is 
the Pioneer 
and Pace-Set- 
ter in Coring 
Practice 


(\ The Elliott Cable Tool 

ve Core Drill 
© Distributed exclusively in the United States 
East of the rs Mountains, by 
HINDERLITER TOOL IMPANY, of Tulsa, Okla. 
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SYFO 
The perfect device for the daily recording of 
vertical deviation in drilling Permanent Re- 


cords... Quickly made... No danger... 
Inexpensive ... Direct and Accurate... 


The presence of crookedness in a hole 
is not indicated by any clear cut evidence q 
recognizable from drilling operations— 4 
until trouble starts. Even then the ma- * 
jor portion of the grief falls on the owner . 
after the well has been brought in and 
not on the drilling contractor. e 


As a result well owners are today in- 
sisting that the hole be surveyed as it is 
drilled, making only a fixed latitude 
from the vertical permissible—no more. 
For verifying the result and course of the 
hole, the SYFO Clinograph affords the 
best check. 


The SYFO Clinograph represents a 
radical improvement in the design and 
method of operation of inclination 
measuring instruments. Its advantages 
may be summarized as follows: 


It affords a direct and accurate record. 
The record is easily obtained without the 
use of dangerous acids. The test is 


Running in a SYFO Clinograph takes Lag quickly made. The record is on paper 4 
and can be filed for reference. Ruggedl J 

The SYFO Clinograph is not sold, but built and will t oi t pe 7 

leased at nominal rates. Being made i in an 

different = <7 a depths, it is in efficiency. Operates on wire line 

necessary for the drilling company to 

advise the conditions under which the running through drill stem or on sand 

surveying will be done before quotation or bailing line in open hole. 

can be made. % 


WRITE FOR COMPLETE DESCRIPTIVE LITERATURE AND RATES 


SPERRY-SUN WELL SURVEYING GO. 3 


Main Office—1608 Walnut Street 


102 Petrolewn Building PHILADELPHIA Houston. Texas: 


Dallas, Texas: 1504 First National Bank Building Los Angeles, California: 415 Petroleum Securities Building : & 
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Rotary table drive and 
hydraulic feed combined 


Om OPERATORS are always on the alert 
for changes and improvements which will elimi- 
nate waste time and increase the effectiveness of 
their structure drilling. Rotacore’s big new feature, 
accomplishing these results, is the combination of 
rotary table drive with hydraulic feed, permitting 
immediate change from brake feed, as in rotary 
drilling, to hydraulic feed, as in diamond 
drilling! The change is quickly accom- 
plished by loosening or tightening four 
chuck bolts, as required. Briefly, Rotacore 
combines principles of both diamond drill 
and rotary drill operation. 


Consider the advantages of this quick 
change from brake feed to hydraulic feed: 
with brake feed the grief stem can be run 
in without continual rechucking, but if a 
hard layer is encountered, hydraulic pressure 
can be immediately applied by tightening the 
chuck bolts. Rotacore’s capacity is 3000 feet of 
N-size hole, 2-13/16 inches in diameter, recovering 
2-inch core. The hydraulic has a length of feed 
of 18 inches, and lifting capacity of 7 tons. De- 
tailed description and specifications will be found 
in the new Rotacore bulletin No. 32. Write to 
our branch office at Ponca City, Oklahoma, or to 
Minneapolis for your copy. 


E. J. LONGYEAR COMPANY 


MINNEAPOLIS, MINNESOTA 
Mid-Continent Branch, Ponca City, Okla. 
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A Subscriber Writes: 


“‘T wish to inform you that I find 
your journal full of most valuable 
information from start to finish and 
I am only sorry that I did not sub- 
scribe sooner.”’ 


You, too, will find much information of interest and value in 


The OIL WEEKLY 


If you read the “Office copy,” why not have a copy sent to your home where 
you can read it at your leisure? The cost is only $1.00 a year. Use the attached 
. order blank—NOW. 


| 
P. O. BOX 1307 HOUSTON, TEXAS 
Enter my name for one year’s subscription to The OIL WEEKLY, for which you will find enclosed 
check for $1, as payment in full. 
(BE SURE TO STATE COMPANY AND POSITION, otherwise it will be necessary for us to 
hold up entering your subscription until we can get this information from you.) 
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The 
Brewster 
A.P.I. 
Shouldered oa Mik 
Tool Joints off” going into 


The 


™ Perfection 


Core Barrel 


—will take a 20-foot core 
when you want it. The 


—in use by more “split liner” permits the 
than = of the removal of each core— 
quickly and unbroken. 


nent field, and hun- 
dreds of others else- 
where. 


the hole. 


COMPANY ~INC. 


Shreveport,Louisiana 


Write or wire today for catalog 
prices. . . . no obligation )™* 


Please use coupon on last page of advertisements in answering advertisers 
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The Geologist’s Time » » 
« « IS VALUABLE Time 


When he is wanted, he is wanted in a hurry, 
and if he is not there he is holding up the works. 
SPEED COUNTS! 


The Oil Capital of the World, the home of the A.A.P.G. 
and of the International Petroleum Expo- 
sition, is also one of the world's 


BEST KNOWN AIR CENTERS 


This combination of attractions and advantages makes Tulsa the ideal 
place for the geologist to live and have his offices. 


Write for descriptive literature to 


TULSA CHAMBER OF COMMERCE 


TULSA, OKLAHOMA 


Please use coupon on last page of advertisements in answering advertisers 
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MICROSCOPE MODEL “WFA-M” 


LEITZ 


Wide Field Binocular Microscope 
A NEW MODEL WITH 


AUTOMATIC MULTIPLE OBJECTIVE 
NOSEPIECE 


In connection with Wide Field Binocular Microscopes of other 
make, one or another method of interchanging objectives has 
been offered. These were found to have shortcomings in being either 
restricted to the use of special objectives or to a limited number 
of them. The Leitz Works have succeeded in providing an 

AUTOMATIC MULTIPLE OBJECTIVE NOSEPIECE 
which permits the use of the standard paired objectives. 

This Multiple Objective Nosepiece provides an automatic 
interchange of three pairs of objectives at one time. The prism 
body, resembling in its general construction the body of the well- 
known series of Leitz Wide Field Binocular Microscopes, is pro- 
vided with oculars of large diameter. To this body is attached the 
Automatic Multiple Objective Nosepiece. A pair of objectives IX 
is permanently mounted to the nosepiece and two dove-tailed 
tracks serve to accommodate any two pairs of objectives of the 
available series. 

WRITE FOR PAMPHLET NO. 1169 (V) 


in which five different microscope models, equipped with the Au- 
tomatic Multiple Objective Nosepiece, are listed. 


E. LEITZ, Inc. 
60 EAST 10th ST. NEW YORK 
BRANCHES: 
Washington, D. C. 
Chicago, Illinois 
Los Angeles, Calif. (Spindler & Sauppé, 811 West 7th St.) 
San Francisco, Calif. (Spindler & Sauppé, 86 Third St.) 


CARBON 


FOR DIAMOND CORE DRILLING 


PATRICK 


(THE Diamond Core Drill is universally used 

by the oil industry because of its ability to 
economically procure accurate subsurface data. 
Greatest efficiency and lowest operating costs— 
all factors considered—are obtainable through 
the use of Black Diamonds as the coring agent. 
The service that Patrick Carbon gives is best evi - 
denced by its world-wide reputation for reliability. 


A new edition of **Patrick Carbon,” an author- 
itative discussion of the Diamond Core Drill 
and Black Diamonds, is just off the press. 
Send for a copy today—there is no obligation. 


R.S.PATRICK 


SELLWOOD BUILDIAG 
DULUTH, MINNESOTA,US.A. 


CABLE ADDRESS ‘EXPLORING DULUTH 
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GEOLOGY OF OIL FIELDS OF POLISH CARPATHIAN 
MOUNTAINS' 


HENRY DE CIZANCOURT? 
Paris, France 


ABSTRACT 


The Polish Carpathian oil fields are located in the formations of the Flysch facies, 
ranging in age from Lower Cretaceous to lower Miocene. 

Oil is concentrated in two distinct tectonic zones. (1) In the Marginal zone— 
particularly in the deepest element of that zone—directly overthrust onto the fore- 
land, are the large fields of Boryslaw-Tustanowice-Mraznica, Rypne, and Bitkow. 
On that deep element is overthrown a folded and faulted mass which contains oil, as 
at Schodnica. The width of the overthrust exceeds 7 miles. (2) In the Central de- 
pression—more particularly in the vicinity of Krosno—many fields, generally of minor 
importance, are related to anticlines; for example, Wankowa, Krosno, Rowne-Rogi, 
Harklowa, and Lipinki. The main oil horizons are Eocene and Oligocene in age. 

Because of the overthrusts, the problem of the origin and of the migration of oil 
in the Carpathians is particularly difficult to solve. The main fields of the Marginal 
zone correspond with the uplifts of the substratum, but they do not coincide every- 
where with the uplifts of the overthrusts; hence, there is some discrepancy between 
the surface structure and the location of the oil fields. 


INTRODUCTION 


The relative economic importance of the oil fields of the Polish 
Carpathian Mountains is not very great; however, because of the com- 
plexity of their geological structure, the fields are of interest to the 
geologist. 

In this paper the writer attempts to show the most characteristic 
features of the Polish Carpathian Mountains, according to the most 


"Read by title before the Association at the Fort Worth meeting, March 23, 1929. 
Manuscript received June 6, 1930. 


Compagnie Francaise des Pétroles, 63 Avenue Victor Emmanuel, III, Paris. For- 
merly chief geologist, Premier Oil Company, Poland. 
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2 HENRY DE CIZANCOURT 


recent work of Jan Nowak, W. Rogala, W. Teisseyre, K. Tolwinski, R. 
Zuber, and the recent publications of the Carpathian Geological Station 
of the Polish Geological Survey (B. Bujalski, H. Goblot, L. Horwitz, 
E. Jablonski, St. Krajewski, Z. Opolski, B. Swiderski, St. Weigner, H. 
and M. de Cizancourt, and others). The writer indicates the character 
of the principal oil fields, partly according to the studies being pub- 
lished by the Carpathian Geological Station, partly according to his 
own notes. Further, he tries to show the factors which had an influence 
upon the localization of the oil fields known at present, and to discuss 
the principal theories which have been formed thus far. 

This paper had been written when Nowak’s work on the same sub- 
ject, The Geology of the Polish Oil Fields,* became available, but the 
writer did not think it necessary to modify his text, as the general part 
of Nowak’s study repeats almost exactly Nowak’s previous work. It 
may be noticed that some fields are described somewhat differently, by 
use of the most recent documents which were in the writer’s possession. 
Moreover, as the divergencies of view are merely those of details, it does 
not seem necessary to depart from the plan of this paper to discuss 
them. However, in the sections on localization of the oil fields and 
origin of the oil, the writer indicates and discusses Nowak’s most recent 
conceptions. 

At the end of this paper is a summary of the geological literature of 
the Carpathian Mountains, including only the principal general publica- 
tions and omitting the studies of details. 

It is a pleasure to make acknowledgment to the writer’s Polish 
colleagues, particularly Bujalski, Jablonski, Krajewski, Swiderski, Tol- 
winski, and Weigner, for their kind welcome during his stay of six years 
in Poland, and for all the courtesies and discussions by which he has 
greatly profited. 

GENERAL REMARKS 


The Carpathian Mountains, as a whole, constitute the eastern pro- 
longation of the Alps. There are recognized an Interior crystalline and 
Mesozoic zone, and an Exterior zone of the Flysch facies, in which are 
concentrated all the Polish oil fields. The Exterior zone rests on a 
Miocene foreland. 

1. The Interior zone comprises the Tatra and the Pieniny moun- 
tains. The Tatra Mountains consist of a crystalline and a Mesozoic 
series ending at Gault, and the Pieniny Mountains of a Mesozoic series. 


Jan Nowak, Die Geologie der polnischen Olfelder (Ferdinand Enke, Stuttgart, 1929). 
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This mass was folded in Cenomanian time. The Eocene, which trans- 
gresses the folds thus formed, was little disturbed by the subsequent 
Tertiary folding. On the whole, during Tertiary folding, this zone 
acted like a rigid mass, which only in the course of considerable time 
could undergo readjustments of detail. 

2. In front of the Interior zone, and separated from it by an ab- 
normal tectonic contact, is the Flysch zone, formed of terrains ranging 
in age from the Lower Cretaceous to the Oligocene. These formations 
are developed in the Flysch facies. The breadth of this zone ranges 
from 70-80 kilometers (43-50 miles) in the central and western parts to 
30 kilometers (19 miles) at the south end in Bukowina. 

Structurally, the region may be divided into two mountainous zones 
separated by a longitudinal depression. The first, or Interior, moun- 
tainous zone corresponds with a tectonic zone characterized by a special 
facies; this is the Magura zone, which represents, at least in the western 
part of the chain, the Beskide zone of Uhlig. _Alll of the second moun- 
tainous zone, which constitutes the border of the Carpathian Moun- 
tains, and the Central depression, form the Central zone of Nowak. 

On the border of the Central zone appears, as indicated by certain 
elevations, a third tectonic element: the deep, or Marginal Eastern 
element. 

The relations of these several elements are as follows. The Magura 
zone is overthrust onto the Central zone, the Central zone onto the 
Marginal zone, and the Marginal zone onto the foreland. 

3. Finally, the foreland is formed by a folded Miocene series which 
on its northern border rests unconformably on the old formations, 
Paleozoic and Mesozoic, of the Sudety, of the Mountains of the Holy 
Cross, and of Podolia. 


STRATIGRAPHY 


As the stratigraphy of the Flysch zone as a whole is uniform, these 
three zones, formerly separated, are considered together. 

The beginning of the Flysch facies, in the region where later the 
Carpathian Mountains were formed, dates from the Lower Cretaceous. 
The rocks which form their substratum are to-day hidden by the folds 
of the Flysch. These rocks contain a complete series ranging from the 
crystalline to the Tithonian. 

The scarcity of fossils in the Flysch for a long time hindered the 
establishment of a precise stratigraphy, and even to-day, although there 
has been much progress, the stratigraphical divisions are based chiefly 
upon the petrographic character of the series. 
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1. Cretaceous—The Cretaceous is the base of the Flysch series, 
and it crops out in the cores of the anticlines and at the base of the over- 
thrusts. 

The lowest formations of the Cretaceous are known only in Silesia, 
in the western part of the Polish Carpathian Mountains, where, in some 
places, they contain a fauna by which their age is established with pre- 
cision. These are the Cieszyn formations, whose base corresponds with 
the transition of the Jurassic into the Cretaceous, and whose top rep- 
resents the Valangian: black or dark gray bituminous shales, in the 
middle of which is a prominent limestone horizon. This series is at 
least 800 meters (2,624 feet) in thickness. 

Above is the Grodischt sandstone, a prominent sandstone horizon 
which represents the Hauterivian. 

The Wernsdorf or Spas shales are of considerable extent. They are 
known in the Western Carpathians and in many places in the Eastern 
Carpathians, and in the same group are the Audia shales in Roumania. 
These beds are black shales commonly containing layers of hornstone 
and of sphero-siderite. Their age is Barremian or Aptian. 

The Ellgoth formation and the sandstone of Godula occur higher 
in the section, ranging in thickness from 800 to goo meters (2,624 to 
2,952 feet). They represent the Albian and are limited to the western 
part of the chain. In the northwestern part they are represented in 
some places by a gap, which causes the Upper Cretaceous to lie directly 
upon the Aptian or the Barremian. In the southeastern part this gap 
is not found, and there seems to have been a continuous deposition of the 
Wernsdorf shales upon the noceramus formation, both later formations. 

In the Upper Cretaceous there is a clear differentiation of the fa- 
cies. In the western part, it is represented by the facies of black shales 
with intercalations of sandstones and conglomerates, or Silesian facies 
of Istebna; in the eastern part, it is represented by the Inoceramus 
formation of light gray shales and calcareous sandstones very poor in 
fossils. This formation is well represented in the Eastern Carpathian 
Mountains. In the marginal region it is overlain by massive sandstone, 
or Jamna sandstone, which represents the upper part of the Cretaceous, 
and the thickness of which ranges from 40 to 100 meters (131 to 328 feet). 
It does not exist in other places. 

2. Eocene-—The Eocene is represented by the Hieroglyphic for- 
mation and forms a characteristic group. Three divisions may be made: 
at the bottom, red and green shales and siliceous sandstones; in the 
middle, a sandstone layer; and at the top, green shales and sandstones. 
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Fic. 1.—Siliceous limestone and red shales of Lower Cretaceous. 


In detail, however, many variations are observed. The sandstone 
series in places disappears, or where it is well developed, it is known as 
the Wygoda sandstone, or locally as the Pasieczna limestone in the East- 
ern Carpathian Mountains, and as the Ciezkowice sandstone in the 
Western Carpathian Mountains. 

The upper division occurs in the Eastern Carpathian Mountains as 
a special facies of sandy shales with exotic blocks, known as the Popicle 
shales. 

3. Menilitic shales.—This is one of the most characteristic forma- 
tions of the Carpathian Mountains. It consists of bituminous black or 
brown shales, finely bedded, with fish remains (Meletta). At the base is 
a hornstone horizon. Sandstone intercalations in the series are important 
in some places. 
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Fic. 2.—Pasieczna limestone and lower Eocene shales in the Bystrzyca Valley. 


This formation, which is well developed in the Marginal and Cen- 
tral Carpathian Mountains, is almost unknown in the Magura zone, and 
this is one of the clearest features of the facies. The age of the Menilitic 
shales generally has been considered as Lower Oligocene, but recent 
studies' based on Foraminifera connect them with the middle-upper 
Eocene. The formation corresponds with a period of rest and the 
filling of the sedimentation area. Its thickness ranges from 150 to 400 
meters (492 to 1,312 feet). 

4. Oligocene ——The Oligocene is represented by an important de- 
posit of shales and sandstones, known as the Polanica formation in the 
marginal part and the Krosno formation in the central part; and by a 
more sandy and conglomeratic facies, the Magura sandstone, the most 
characteristic horizon of the Magura zone. Deposition in the Magura 
anc Central zones ended with this formation, which may prove to be 
very thick. - 

5- Miocene.—In the Exterior or deep element, deposition contin- 
ued with the beginning of a different facies, consisting of plastic clay 


*Mary de Cizancourt, “Sur quelques nummulites du Flysch karpatique,” Kosmos 
(Lwow, 1928). 
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Fic. 3.—Crest of Oligocene sandstones and small glacial lake in Czerna Hora 
Mountains. 


with salt and gypsum. Deposition in the Carpathian Mountains ended 
with the Saliferous clay. 

A special tectonic element binds the Carpathian Mountains with 
their foreland, namely, the zone of Sloboda Rungurska, developed in 
the southeastern part of the Polish Carpathian Mountains and in the 
Roumanian Carpathian Mountains. This zone is characterized by the 
following stratigraphical series. 

A large mass of conglomerates composed of material from the sub- 
stratum of the Flysch formation, for example, Paleozoic phyllites, and 
Triassic and Jurassic limestones, which probably has a thickness of 
several hundred meters, lies on the Menilitic shales, either directly, or 
with an intercalation of Saliferous clay. Their contact with the under- 
lying series is probably an unconformity, but the subsequent tectonic 
movements have disturbed them and made observation of them difficult. 
The age of the conglomerates, known as Burdigalian in Roumania, is 
not determined in Poland. Above are the Dobrotow formation, repre- 
senting calmer deposition of shales and sandstones; the red shales; and 
the Saliferous clays. 
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Fic. 4.—Conglomerates of Sloboda Rungurska (S) and Dobrotow formation (D) 
at Nadworna. 


At the outer border of this zone is the foreland, which contains a 
Miocene series, Helvetian-Tortonian, beginning with an important 
series of Saliferous clays with salt and potash deposits, overlain by the 
series of pink marls, the sandy Balicze formation, and the Cerithium 
formation, or fossiliferous Tortonian. Finally, the Tortonian is overlain 
locally by the Sarmatian in the regions farther from the border of the 
Carpathian Mountains. 

Altogether, the Carpathian Flysch is characterized by the rhyth- 
mical alternation of shales and sandstones repeated to make a thickness 
of more than 2,000 meters (6,560 feet). This was diastrophic deposition 
in connection with unceasing orogenic movements. Its material came 
from far, as is shown by the distribution of the conglomerates, and it was 
supplied by a series of islands extending northwest and southeast. 
Nowak' attempted recently to reconstruct their location and relation. 

The establishment of the Flysch facies began in the Lower Creta- 
ceous, but was soon afterward interrupted in the Western Carpathian 


‘Jan Nowak, Zarys tektoniki Polski (Krakow, 1927). (Polish.) 
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Mountains by the emergence subsequent to the Tatra tectonic move- 
ments, although in the Eastern Carpathian Mountains deposition does 
not seem to have been disturbed by these movements. 

With the return of the sea in the Upper Cretaceous, the previously 
emerged zone received the deposit of the Silesian facies—facies of eleva- 
tion—while farther east the Inoceramus formation—facies of depression 
—was deposited. 

A series of small secondary movements is represented by sand- 
stones or conglomeratic beds such as the Jamna sandstone in the Upper 
Cretaceous and the Wygoda-Ciezkowice sandstone in the Eocene. The 
Menilitic shales, on the contrary, correspond with a period of rest. 
However, the changes began again in the Oligocene, and culminated at 
the end of that period in the emergence of the Magura and Central zones. 

The deep element was being folded after the deposition of the Salif- 
erous clay, while the Exterior zone was still receiving the deposition of 
the Sloboda series. 

Finally, the formation of overthrusts and the definite emergence 
of the Carpathian Mountains occurred in the Tortonian. This is ex- 
plained by the deposit of pronounced Tortonian conglomerates with 
Carpathian boulders. 


TECTONICS 


The beginning of the Flysch facies in the Lower Cretaceous caused 
a radical change in the character of the deposits; therefore, there is no 
reason to be surprised if it is found that the Flysch cover and its sub- 
stratum were affected in different ways by the orogenic forces. 

Overthrusting by the Flysch, and its folding independent of 
its substratum, form the principal tectonic characteristic of the Car- 
pathian Mountain Flysch. The substratum must have been folded 
likewise, but its folds are not exposed to observation; only in the ex- 
treme south part of the Polish Carpathians does such a fold crop out. 

As stated at the beginning of this paper, three great tectonic units 
are recognized in the Flysch of the Carpathian Mountains: the Magura, 
the Central, and the Deep Marginal zones. 

1. Magura zone.—This zone corresponds with the western part of 
the Beskide zone of Uhlig.t It forms an arch concentric with the Pieniny 
arch, and is characterized by special facies, particularly by the absence 
of the Menilitic shales and by the development of the Magura sandstone 
in the Oligocene. This unit is much folded, and is composed of several 


"V. Uhlig, “Uber die Tektonik der Karpathen,” Sitzungsb. d. Akad. d. Wissensch. 
(Wien, 1907). 
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secondary units. On its northern border it is thrust onto the Central 
element, and the amplitude of the thrusts indicated by the presence of 
the outliers and the inliers attains 15 kilometers (9 miles) in the region 
between Harklowa and Jaslo. With the exception of tectonic inliers in 
connection with the Central zone, this unit is not oil-bearing. 

2. Central zone.—Two tectonic regions form the Central zone. In 
its western part is the Central depression folded in anticlines more or 
less faulted; in the east is part of the Carpathian Mountains of the 
border, which are thrust onto the Marginal zone, and which are cut 
into a series of secondary thrusts, continuing through long distances 
with great regularity, and with only small divergence from the axis. 

At the center, these folds are generally composed of the Cretaceous. 
They are separated by synclines of the Polanica or Krosno formation. 
In the exterior elements, at the base of the thrusts, is the Jnoceramus 
formation. In the Carpathian Mountains of Skole, however, fragments 
of the Barremian-Aptian occur at the base. Most of these folds rise 
longitudinally from a plunging anticline which, toward the northwest, 
grades into a faulted fold meeting the Carpathian border at an oblique 
angle, and disappears toward the west (Fig. 5). 

Several groups of folds are recognized. 

In the eastern part, the border of the Carpathian Mountains is 
formed by a marginal, little developed faulted fold, which has at its 
base only fragments of the Cretaceous and in some places wholly lacks 
Cretaceous. This group is in places completely separated from the 
next group, as at Boryslaw; in places they are united by a synclinal 
trough more or less broken. 

A second group of folds is formed by the folds of Orow, which 
constitute the border of the Carpathian Mountains south of Delatyn. 
Only Cretaceous masses appear in the zones of elevation; in the zones 
of depression these masses are reduced into a series of folds separated 
by Eocene or Oligocene synclines. The syncline of the hinterland of 
this group is well developed and is broken by a productive anticline at 
Schodnica. 

On this syncline is a series of folds, or the Skole overthrust, char- 
acterized by the presence of the complete Cretaceous with the Barre- 
mian-Aptian at the base. This group is composed of a series of four or 
five folds, which toward the south grade into regular anticlines. 

Finally, the folds sink more and more, and form the Central de- 
pression in which is the Krosno formation. This depression acts as the 
hinterland in comparison with the ensemble of the preceding frontal 
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overthrusts. The depression continues with great regularity from the 
Bukowina as far as the Western Carpathian Mountains. 

However, beginning with the Sanok region, several folds, which 
outside this area form only narrow anticlines, rise abruptly and become 
thrust folds, which extend to the border of the Carpathian Mountains. 
It is not necessary to indicate in this paper the details of these folds 
(Fig. 5, VI-VIII). 

In the Eastern Carpathian Mountains a second elevation causes 
a series of tectonic units to emerge from the depression described 
by Nowak' and Swiderski? as the Czernahora overthrust, or the Pietros 
overthrust, next the crystalline core of this last unit, which was formerly 
considered equivalent to the crystalline massif of the Tatra Mountains, 
but which has recently been shown by Nowak’ to have emerged from the 
depression. This fact is interesting, because this is the only place in the 
Polish Carpathian Mountains where the substratum crops out. 

3. Deep or Eastern Marginal zone.—The Central zone rests on 
a unit which is characterized by the presence of the Saliferous clay at 
the top of the stratigraphical series. Generally this unit is hidden by 
the thrust of the Central zone and appears only in the zones of elevation: 
as the inlier of Maniawa and Pokucie; it has been found by drilling under 
the thrust of the Central zone. The extent of the overthrust is 4 kilo- 
meters (214 miles), as proved by drilling at Boryslaw, and 1o kilometers 
(6 miles) proved by drilling and by the presence of tectonic inliers in 
the region of Bitkow-Maniawa. 

This unit continues from the Roumanian border as far as Bory- 
slaw. At Boryslaw it has the aspect of a fold almost horizontally re- 
cumbent on the saliferous Miocene of the foreland. This unit is found 
with the same complications in the Maniawa inlier, formed by two 
principal anticlines accompanied by secondary anticlines. Traces of it 
are lost east of Bitkow, but in the Pokucie region is a system of seemingly 
related folds. 

The exterior anticlines of the Pokucie region are covered with a 
particular Miocene series, the Sloboda series previously mentioned. 
The tectonic interpretation of this region is still under discussion; mean- 


'Jan Nowak, Les unites tectoniques des Carpathes polonaise orientales (Lwow, 1914). 


2B. Swiderski, “Geological Structures of the Pokucie Carpathian,” Station geol. 
karp. Bull. 7 (1925). 


3Jan Nowak, “Nouvelles données sur l’ensemble de la tectonique des Carpa- 
thes,” Mem. Association Karpatique (Lwow, 1927). 
Idem, Zarys tektoniki Polski (Krakow, 1927). 
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while, it is known that this Sloboda series detached from its substratum 
has moved forward to the foreland, of which it constitutes the part 
nearest the Carpathian Mountains. 

4. Autochtone—The foreland proper, outside of the Sloboda 
zone which forms a part of it geographically, consists of a Helvetian- 
Tortonian folded series, lying unconformably, at the north, on the old 
formations. 

The previously mentioned anticlines or overthrusts are the result 
of axial undulations. 

On the whole, there is recognized (1) an elevation of the Western Car- 
pathian Mountains, west of a line from Sanok to Przemysl, character- 
ized by the existence of a gap in the Cretaceous and by the development 
of the Upper Cretaceous in the Silesian facies; (2) a depression in the 
medial region with secondary culminations at Boryslaw and at Majdan; 
and (3) an elevation of the Eastern Carpathian Mountains, characterized 
by the appearance of the folds of Pokucie, and by the exposure of the 
crystalline formations at Marmarosh. 

The folds of the Flysch zone have been developed tectonically in- 
dependent of the substratum, but the latter may have had some in- 
fluence upon their movement. 

Teisseyre' thus tried to show that the great dislocations of the fore- 
land continue in the Carpathian Mountains, but, on the whole, this in- 
fluence is small and the folds move from the zones of elevation to those 
of depression without obviously modifying their direction. 

Although it can not be denied that the substratum has an influence, 
the Flysch folds do not reflect the dislocations of the substratum; instead, 
they reflect the irregularities of the topographic surface of the substra- 
tum, which have hindered the progress of the folds of the over-riding 
Flysch and have caused tectonic complications in some places: con- 
traction of the folds into virgations* accompanied by secondary disloca- 
tions, as faults. This problem will be referred to later in presenting 
concrete examples. 


POLISH OIL FIELDS 
HISTORICAL SKETCH 


For a long time the many seepages of oil in the Carpathian Moun- 
tains have attracted the attention of the inhabitants, who have developed 


Teisseyre, ‘‘La tectonique comparée des Subcarpathes,” Kosmos (Lwow, 
1921). 


2Virgation: branching, like twigs from a bough. 
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them for their own needs. These phenomena were mentioned by the 
early writers in their travel records. 

Sloboda Rungurska was mentioned as early as 1771; according to 
Hacquet, in 1791, there was produced at Nahujowice 43 barrels yearly 
and it was the largest production of the country at that time; in 1797 
the canon Christopher Kluk mentioned Ropienka; and in 1815 the 
Polish geographer Staszic mentioned Nahujowice. From the beginning 
of the roth century Boryslaw, also, has been known because of its seep- 
ages and its wax pits, the latter serving for the manufacture of candles. 

Meantime, a pharmacist from Lwow, Ignacy Lukasiewicz, was the 
first to realize the importance of oil for lighting purposes, and, by sys- 
tematic work, he tried to obtain petroleum in larger quantities. He 
commenced his research in 1854 in the Krosno region, and undertook the 
digging of wells by hand in the Bobrka region. After a difficult begin- 
ning, in 1861 he encountered oil at a depth of 14 meters (46 feet) and 
produced 6,000 kilograms (6% tons) per day. Subsequently this field 
became one of the best in the Western Carpathian Mountains. At 
about the same time, in 1856, the development of the Boryslaw seepages 
was begun; similar work had been undertaken at Kleczany in 1858. 

The first considerable progress was in 1863, when introduction of 
the drilling bit made deeper drilling possible. The system used at that 
time consisted of digging a pit by hand down to 20 or 30 meters (65-98 
feet), at which depth drilling was continued by means of a very simple 
hand derrick. The depth attained was not more than a few hundred 
meters. 

Since that time, several fields have been developed in the Western 
Carpathian Mountains: Kleczany, Bobrka, Lipinki, Ropianka, Ropica 
Ruska, Siary, Plowce, Kroscienko, and others. The first important 
field in the Eastern Carpathian Mountains, Sloboda Rungurska, was 
discovered by Szczepanowski in 1881. 

From 1881 to 1900, much drilling resulted in the discovery of most 
of the fields developed to-day. The name of McGarvey is specially 
connected with the western fields; the name of Szczepanowski, with the 
development of the fields of the Eastern Carpathian Mountains. One 
of the most important fields was Schodnica, discovered in 1890, which 
reached its maximum in 1896. 

At that time the Boryslaw field, by far the most important in 
Poland, was discovered. There also oil had been known for a long time; 
in 1856 natural seepages were worked by hand-dug pits, but after 1862 
the production of oil became of secondary importance as compared 
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with the production of wax. Subsequent to 1866 more than 4,300 pits 
were dug close together on a space of 100 hectares (247 acres), some of 
them more than 100 meters (328 feet) in depth. Since 1890 more rational 
methods of development by means of wells and galleries have been intro- 
duced and there exists yet an active wax mine. 

The first serious search for oil by means of drilling was made by 
McGarvey, who, in 1895, found the first commercial production at a 
depth of 600-800 meters (1,968-2,624 feet). Since that time, the eastern 
part of the field (Potok) has been drilled, and in 1902 the first well at 
Tustanowice (western part) was drilled, so that 300 tons per day were 
being produced in 1903. In 1909 the maximum production of the field 
was attained, representing 93 per cent of the whole production in Poland. 

After the war and reconstruction period, when the wells that had 
been dismantled or burned were reclaimed, it became necessary to 
modernize drilling methods because of the great depths reached in present 
development: 1,500-1,800 meters (4,920-5,904 feet). The American 
drilling systems, rotary and cable, were introduced by the Premier Oil 
Company. The cable system, especially, has given good results, and is 
generally used to-day. 

The necessity of finding new fields in order to replace the loss in the 
Boryslaw production, which was only partly counterbalanced by the de- 
velopment at the south (Mraznica), caused the resumption of drilling 
in other fields as well as wildcatting. Thus were developed the fields of 
Rypne, Bitkow, and Majdan in the Eastern, and those of Biecz, Krosno 
(gas), and others in the Western Carpathian Mountains, where fields 
now abandoned formerly existed. At the same time the important gas 
field of Daszawa was discovered in the foreland. 


GEOLOGY 


The oil fields in the Polish Carpathian Mountains may be grouped 
in two zones: the Central depression and the Carpathian Mountains of 
the border. As these zones are very different, tectonically, the oil fields 
are also different. 

Oil fields of Central depression—The oil fields of the Central de- 
pression are concentrated in the Krosno and Gorlice regions, that is, in 
its western part. This zone corresponds with an area of relative elevation. 

As the short anticlinal folds of this zone, with generally abrupt 
flanks, did not favor a large concentration of oil, there is accumulation 
at many different places developed by numerous tests of secondary 
importance. The production table shows many fields now developed 
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and if the abandoned fields are added, together with the points where 
exploration has proved oil to exist but not in commercial quantities, the 
number would be larger. 

From the west, the first group of oil fields found in the Nowy Sacz 
region is Kleczany, to-day almost abandoned, but interesting because 
of its position in the Magura zone. The production of this field, how- 
ever, is not obtained from the Magura zone, but from the Krosno forma- 
tion of the depression occurring in a tectonic inlier under the Magura 
zone. The wells are shallow, 150-200 meters (492-656 feet), but the oil 
is remarkable because its vaseline content reaches 40 per cent. 

Under analogous conditions many seepages occur in the same re- 
gion, but no more oil in paying quantities has been found. 

At a distance of 30 kilometers (18% miles) farther, a second well 
characterized group includes the fields of the Gorlice region. Imme- 
diately south of Gorlice there are the old fields, to-day almost aban- 
doned, Ropica Ruska, Mecina, Siary, Szymbark, and Sekowa, located 
on the front of the Magura overthrust and producing oil from the au- 
tochtonous Krosno formation of the depression, or of the overthrust 
Inoceramus series. 

In the north is developed the autochtonous zone broken by a large 
anticline where the Eocene occurs. This anticline divides into two 
secondary anticlines on which are several small fields: Kryg, Koby- 
lanka, Dominikowice, Lubusza, Lipinki, Wojtowa, and Pagorzyna, the 
most important of which is Lipinki, which has been producing nearly 
58 years. These fields are producing from the Eocene sandstone of 
Ciezkowice and are characterized by small but remarkably constant 
production. The wells are not very deep, the deepest horizon being at 
800 meters (2,624 feet). 

Toward the east, the fold, which has extended eastward as far as 
Lipinki, turns abruptly’ north, and the front of the Magura overthrust 
follows the same course, forming the outlier of Harklowa. The Hark- 
lowa field is classed in the second rank of the producing fields in the 
Krosno region. The structure’ of this field is very complicated. Oil is 
produced from the Krosno formation in a dislocated anticline located 
under the outlier of the Magura overthrust. It is not known whether 
this anticline is the extension of that of Lipinki-Wojtowa, or whether 
it represents a more northern fold. 

A little farther north, the Biecz field is on an anticline plung- 
ing toward the east. This field, like that of Lipinki-Wojtowa, 


*H. de Cizancourt. “‘Harklowa” in ‘“‘Gisements de pétrole en Pologne,” Station 
géol. karp. Bull. 15 (1927). 
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Fic. 6.—Southwest-northeast cross section of Harklowa field. Eoc, Eocene; m, 
Menilitic shales; Ol, Oligocene; M, overthrust Cretaceous and Eocene of Magura 
overthrust; s. /., sea-level. After H. de Cizancourt, ‘“Harklowa,” in “Gisements de 
pétrole en Pologne,” Station géol. karp. Bull. 15 (1927). 


Fic. 7.—Pumping wells in Harklowa field. A type of old fields of Western Car- 
pathian Mountains. 
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produces from the Eocene sandstone of Ciezkowice. The development 
of this field is recent. A few wells were drilled in the early days, but most 
of the work has been done since 1924. Steep dips of the anticline limit 
its development in width; only the crest is capable of being made com- 
mercially productive. Toward the west the productive sandstone crops 
out because of the rise of the axis of the fold, which, consequently, causes 
the Wisznic overthrust farther west. 

Approximately 15 kilometers (9 miles) still farther away is the most 
important group of fields of the region, in the vicinity of Krosno. They 
are located on four anticlines, which are, from north to south: (1) Luba- 
towka-Wulka, (2) Bobrka-Wietzno-Rowne-Rogi, (3) Jaslo-Krosno, and 
(4) Weglowka. 

The first anticline is asymmetrical. It is 30 kilometers (1814 miles) 
in length. The Eocene occurs in its core and plunges at the two extrem- 
ities. The Wulka field, and its ‘extension, Lubatowka, are in the central 
and western parts. 

The second anticline presents an analogous structure, but it is 
more eroded and the Cretaceous of the Silesian facies occurs in its core. 
The fields are on the eastward-plunging end of the fold. The producing 
formation is Eocene sandstone. These are the oldest fields in Poland. 
Bobrka, 5 kilometers (3 miles) in length and 200-400 meters (656-1,312 
feet) in width, has been a good producer. Wells which have produced 
more than 10,000 tons are not rare there. 

The third anticline continues from Jaslo to the east side of Krosno 
and has several axial culminations, or “highs.” The first field, east of 
Jaslo, produces gas. Its structure is complicated in depth by a system 
of longitudinal faults." Next is the Potok field, northwest of Krosno, 
and last is the Kroscienko field. The production in these fields is from 
the Eocene sandstones, and the fields are included among the most im- 
portant of the Western Carpathian Mountains. 

North of Krosno occur interesting complications: the fold of Chelm- 
Czarnorzeki thrust toward the north and the two east-west anticlinal 
domes of Weglowka on the top of which is exposed the Aptian.? 

East of Krosno all these structural folds disappear. The Krosno 
anticline extends toward Sanok with axial outcrops of either Eocene 


*See Obtulowicz and Wegner. 


?Jan Nowak, “Sur la géologie du terrain situé entre Krosno et Weglowka,” Ann- 
ales Société géol. de Pologne (1924). 

H. Goblot, “Sur la géologie des Karpates au Nord de Krosno,” Bull. Serv. géol. 
de Pologne, 1V (1928). 
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or Menilitic shales, which finally disappear under the Krosno formation. 
On this extension is the old field of Zagorz-Wielopole, where several wells 
yielded oil from the Krosno formation. This field is at present flooded 
with water and abandoned. 

The fold of Chelm-Czarnorzeki gradually becomes simpler in 
structure toward the southeast in the form of two anticlines on which is 


Weslowka 


ol. 


Fic. 8.—South-north cross section of Weglowka oil field. Cr, Cretaceous; Eoc, 
Eocene; Ol, Oligocene; m, Menilitic shales. Length of section, 12 kilometers (7.5 
miles). After H. Goblot, ‘Sur la géologie des Karpates au nord de Krosno,” Bull. 
Serv. géol. de Pologne, TV (1928). 


exposed the Cretaceous or the Eocene; it includes the fields of Zmien- 
nica-Turzepole, and of Grabownica-Stara Wies. 

Next, farther east and in an isolated location, is the old field of 
Ropienka-Wankowa-Brelikow, which is about 15 kilometers (g miles) 
long. It shows very special tectonic conditions. Here the productive 
horizon is formed by the Krosno sandstones and the Menilitic shales on 
the southern flank of an anticline. The reservoir, however, is not formed 
by the anticlinal arch, but the crest is inclined toward the southeast so 
that the Eocene rests on the Krosno formation. In spite of this abnormal 
structure this field is one of the most productive and most regular of the 
Krosno region, and has been active more than 40 years. 

Finally, in order to complete the list, it is necessary to mention the 
attempts to develop the extension of the anticlines south of Sanok, 
resulting in the small fields of Mokre, Rajskie, Polana, and Uherce. 
Many wells were drilled in the Krosno formation of that region, but 


. without positively successful results. 


Thus, the Krosno region is characterized by the presence of many 
fields, of more or less importance, related to a series of narrow anticlines. 
The oil occurs in the axial culminations, or “highs,” if they are not too 
much eroded, or more commonly in plunging noses. The principal 
horizons are the Ciezkowice sandstones of the Eocene and the lower 
part of the Krosno formation. 

Table I indicates the production of the fields of the Krosno region. 

Oil fields of Marginal zone.—The oil fields of the Marginal zone 
differ obviously from those of the Krosno region. They are almost all 
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TABLE I 


PRODUCTION OF OIL FIELDS OF KROSNO REGION 


Tons in 1928 Tons in 1927 
2. Ropica Ruska, Sekowa Siary, Szym- 
3. Kryg, Kobylanka, Libusza, Lipinki, | 
Pagorzyna, et cetera.............. H 10,981.5 10,523.4 
6. Wulka, Lubatowka................ 1,424.7 2,052.3 
7. Bobrka, Rowne, Rogi, Iwonicz, Klim- 
9,978.5 10,509.5 
8. Bialkowka, Dobrucowa, Jaszczew, | 
10. Krosno-Kroscienko................ | 8,150.0 7,875-7 
12. Zagorz-Wielopole.................. 100.9 115.2 
| 1,339-3 1,303.0 
14. Grabownica, Humniska, Starawies. . .|| 10,148.0 8,454.3 
15. Wankowa, Ropienka, Paszowa, || 
Miscellaneous small fields........... | 1,455-9 1,707.2 


concentrated in the deep element (over-ridden structure), with the ex- 
ception of Schodnica, and include the fields of Boryslaw, Rypne, Bitkow, 


and Sloboda Rungurska and Kosmacz in the Pokucie region. 


In almost its whole extent the deep element (over-ridden structure) 
is covered by the overthrust masses of the Central zone, and in those 
masses also are oil fields like those of Mraznica and Pasieczna, corres- 
ponding respectively with the deep deposits of Boryslaw and Bitkow, 
or like those of Schodnica and Strzelbice farther back. The oil fields 
of the deep fold are related to those of the thrust in the same way that 
the fields of the Krosno basin are related to those of the Magura zone. 

The principal field and the most important of all in the Polish Car- 
pathian Mountains is that of Boryslaw-Tustanowice-Mraznica, whose 
production represents 72 per cent of the total production of the Polish 
fields. 

The oil is concentrated in the frontal part of the deep element, 
which forms a recumbent, almost horizontal fold whose normal flank 
has an average dip of 15°, and the normal flank is reversed and laminated. 
The length of the developed zone is nearly 6.5 kilometers (4 miles); its 
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width nearly 3 kilometers (1.8 miles). The oil is found in several hor- 
izons, the most important of which are at the base of the Menilitic shales 
(Boryslaw sandstone), in the Popiele formation of the Eocene, and in 
the Jamna sandstone of the Upper Cretaceous. Less important and less 
regular horizons correspond with sandstones intercalated in the Meni- 
litic shales and in the lower part of the Eocene. 

The depth of the Boryslaw sandstone, the first important horizon, 
ranges from 700 meters (2,296 feet) at the top of the fold to more than 
1,500 meters (4,920 feet) on the flanks. The horizon of the Jamna 
sandstone, the deepest known horizon, is about 400 meters (1,312 feet) 
lower, so that the wells producing between depths of 1,400 and 1,700 
meters (4,592 and 5,576 feet) form at present the larger number. 

A somewhat abrupt fall of the axis at the two extremities forms a 
definite limit, but because of the low dip on the southern flank, pro- 
ductive development at Mraznica could extend more than 3 kilometers 
(1.8 miles) toward the top, without encountering the limit of the deposit; 
on the contrary, at Tustanowice the position of edge water is already 
known. 

Recently, in a well drilled about 1,500 meters (4,920 feet) farther 
from the last wells of Mraznica, productive Menilitic shales have been 
found. 

Oil produced from the Boryslaw sandstone is generally pure oil, 
except in a few places in Tustanowice and Mraznica, adjacent to the edge 
water. All of the other horizons are flooded. In the Popiele horizon the 
flooding occurred with exceptional suddenness and rapidity, and grad- 
ually extended westward, so that now some water is produced from all 
the wells of these horizons. 

Attempts were made to locate a dome analogous with that of 
Boryslaw on the prolongation of the same fold. Toward the northwest, 
beyond a definite depression which limits the extension of the field, the 
axis rises and forms a “high” at Nahujowice. Tests at that place, how- 
ever, were unsuccessful. Toward the southeast, the axis of the fold de- 
clines regularly, and exploratory wells in that direction also have been 
without favorable results. 

On the productive fold rest the overthrust masses belonging to the 
border folds and to the Orow fold. The numerous wells drilled in that 
region have shown that the thrust surface declines very slowly, and 
have proved the existence of the thrust with a length of more than 4 
kilometers (2.5 miles). The overthrust masses are made of successive 
folds of Cretaceous agd of Eocene from which a very light oil of little 
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Fic. 1o.—Winter scene in Boryslaw field. Notice swabbing installation of pro- 
ductive wells. 


economic importance is produced from a secondary oil deposit related 
to faults. 

Conditions are different in the Schodnica field, 7 kilometers (4.3 
miles) southeast of Boryslaw, where the structure is an asymmetrical 
anticline on the southern flank of the Orow fold. The Eocene forming 
the center of the anticline is exposed on the axial “high.” Oil is pro- 
duced from Eocene sandstones and from the Jamna sandstone at depths 
ranging from 300 to 600 meters (984 to 1,968 feet). The length of the 
developed zone is 11 kilometers (6.8 miles), including Schodnica and its 
two extensions, Opaka and Urycz-Pereprostyna, from which it is sep- 
arated by unproductive depressions. 

This field, which is to-day nearing depletion, has been one of the 
most remarkable in Poland, because of its relatively large production, 
shallow depth, and the good quality of its oil.' The Jacob well has pro- 
duced 40,000 tons. 


*K. Tolwinski, ““Schodnica” and ‘‘Urycz” in “Mines de pétrole et de gaz nat- 
urels en Pologne,” Station géol. karp. Bull. 18 (1929). 
St. Krajewski, ““Opaka,” ibid. 


24 HENRY DE CIZANCOURT 


Fic. 11.—Southwest-northeast cross section of Rypne field. oc, Eocene; m, 
Menilitic shales; Ol, Oligocene. After H. de Cizancourt, “‘Rypne” in “Les gisements 
de pétrole et de gas naturels en Pologne,”’ Siation géol. karp. Bull. 18 (1929). (Com- 
pleted after recent documents.) 


The productive region, comprising the fields of Rypne, Majdan, 
and Bitkow, is 75 kilometers (46.5 miles) from Boryslaw. In these fields, 
production is from the deep element, which appears here on the surface 
because of an axial elevation under the thrust. The deep structure of this 
element, in fact, may be studied directly and seems to be formed by two 
principal anticlines in the center of which the Eocene crops out,—the 
anticlines of Majdan and Sliwki, and between them the anticline of 
Bogrowka, apparent only in the Polanica formation of the Oligocene. 

The Rypne field is on the northwestward-plunging end of the Sliwki 
anticline, which disappears under the Eocene-Oligocene thrust of the 
Marginal zone. The productive horizons are sandstones intercalated 
in the Menilitic shales, folded in secondary folds on the front of the main 
anticline. 

The length of the developed zone is now 4 kilometers (2.5 miles) 
and the depths of the wells range from 600 to goo meters (1,968 to 2,952 
feet). This field, discovered in 1913, is still in active development.* 

The Majdan field is on a dome of the Majdan anticline. The Eocene 
is exposed and oil is produced from its deep parts. An older field at 
this place, which had been abandoned for more than 20 years, was re- 


"H. de Cizancourt, “‘Rypne” in “Gisements de pétrole et de gaz naturels en 
Pologne,” Station géol. karp. Bull. 18 (1929). 
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Fic. 12.—View of Rypne overthrust, along anticlinal axis. Eoc, Eocene; m, Meni- 
litic shales. 


opened and extended in 1924. The production is small, but the depth 
is less than 500 meters (1,640 feet), and the quality of the oil is excep- 
tional." 

The Bitkow field, farther south, is very interesting tectonically. 
The exploited structures consist of a series of anticlines or folds, which 
include only the Polanica formation and the Menilitic shales, with traces 
of Eocene at the base. Movement occurred at the base of the Men- 
ilitic shales, followed by intensive folding. From south to north three 
folds are recognized: (1) the old-field anticline, formed by thin beds 
of Menilitic shales, resting on the Polanica formation; (2) the Dzial 
fold, resting on the old-field anticline; and (3) the gas fold, like that of the 
oil field, a large anticline in Menilitic shales. The first two folds contain 
oil in Menilitic shales, but the third contains gas only. 

These remarkable complications influence the regularity of produc- 
tion, and the depth, which ranged from 400 to 800 meters (1,342 to 
2,624 feet) in the old field, ranges from 700 to 1,200 meters (3,936 feet) 


*B. Bujalski, ‘‘ Majdan” in “‘Gisements de pétrole et de gaz naturels en Pologne,” 
Station géol. karp. Bull. 18 (1929). 
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Fic. 13.—Southwest-northeast cross section of Bitkow field. Notice tectonic un- 
conformity between exploited folds and overthrust. Cr, Cretaceous; Eoc, Eocene; m, 
Menilitic shales; Ol, Oligocene. 


in the Dzial fold. The field does not contain water in the first two 
folds, but there is much water in the gas fold. 

This folded ensemble is covered by the border overthrust, whose 
known width is more than g kilometers (5.5 miles). In the thrust, at 
shallow depth, are small wells of light oil on the prolongation of Bitkow 
at Pasieczna. This deposit is similar to that of Mraznica above the 
Boryslaw fold. 

The sinking of the axis southeast of Pasieczna hides the deep ele- 
ment for 25 kilometers (15.5 miles), but it reappears as a simpler struc- 
ture in the Pokucie region, where are located the two fields of Sloboda 
Rungurska and Kosmacz. 

The field of Sloboda Rungurska, one of the oldest in Poland, reached 
its maximum in 1885 and to-day is completely exhausted. It is located 
on a dome-like elevation of the Sloboda fold. In this field, oil was pro- 
duced from the Cretaceous sandstones at depths ranging from 200 to 
300 meters (656 to 974 feet). 


*B. Bujalski, ““Bitkow” and “Pasieczna” in “Gisements de pétrole et de gaz 
naturels en Pologne,” Station géol. karp. Bull. 78 (1920). 


2A, Alth et al., “Sloboda Rungurska”’ in “Gisements de pétrole et de gaz naturels 
en Pologne,” Station géol. karp. Bull. 18 (1929). 
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Fic. 14.—Southwest-northeast cross section of Sloboda Rungurska field. Notice 
tectonic unconformity between conglomerates and their substratum. Cr, Cretaceous; 
Eoc, Eocene; m, Menilitic shales with hornstone beds at base; S, Sloboda Rungurska 
conglomerates; D, Dobrotow formation. 


The Kosmacz field contains oil in the plunging ends of one of the 
Pokucie anticlines, and the productive horizons are in the Eocene and 
the Cretaceous.' This field, which contains only about ten wells, is of 
secondary importance. 

Table II indicates the present importance of the different fields. 


TABLE II 


PRODUCTION, IN Tons, OF Ort FIELDS OF MARGINAL ZONE 


|| 1928 1927 
20. Boryslaw, Tustanowice, Mraznica ...|) 536,077-4 525,291.6 
22. Schodnica, Urycz, Pereprostyna, Opaka 43,980.8 40,605.3 
23. Rypne, Perehinsko................ || 17,730.9 18,454.8 
24. Majdan, Rosulna, Krzywiec........ | 4,585.9 2,540.6 
26. Sloboda Rungurska................ |} 1,023.7 2,025.9 


LOCATION AND DISTRIBUTION 


In the preceding sections of this paper, the geology of the Polish 
Carpathian Mountains is outlined, and the main known deposits are re- 
viewed. More general conclusions are now presented to explain the 
geographical location of the Polish oil fields and to explain the origin and 
migration of oil in the Carpathian Mountains. The Polish fields, which 
have been prospected and developed for more than 60 years, supply con- 
siderable material for a study of this kind. 


*W. Bruderer, “Kosmacz” in “Gisements de pétrole en Pologne,”’ Station géol. 
karp. Bull. 14 (1926). 
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The Carpathian Mountains went through a greater tectonic change 
than did most other oil regions. The old geosyncline, filled with the sed- 
iments of the Flysch, was not only folded into regular anticlines and 
domes favorable to the accumulation of oil, but the tangential thrusts 
continued into a complex overthrust structure, which, @ priori, should 
have been a factor in causing the migration, concentration, and preser- 
vation of the oil being produced to-day. Several authors have already 
studied the problem, particularly R. Zuber, Jan Nowak, W. Teisseyre, 
and K. Friedl. 

R. Zuber’ has stated that oil is found in the folds located imme- 
diately in front of the thrusts, whose pressure might have driven it out 
of the underlying rocks, as at Boryslaw and Schodnica. 

Jan Nowak,’ discussing the preceding thesis, remarks that in the 
Western Carpathian Mountains oil fields exist far from the front of the 
Magura zone. Consequently, he says, the accumulation in all these 
favorable structures—anticlines or domes—might have come from the 
depressions under the influence of the pressure of salt water. 

In reality, the disposition of the Carpathian Mountains in faulted 
folds does not permit the preservation of the deposits in the frontal 
parts of the recumbent folds, generally eroded to the base of the Cre- 
taceous; therefore, only in the anticlinal structures of the depressions 
of the hinterland could the mechanical conditions of accumulation have 
been realized. This theory is stated in a recent study by Nowak,3 who 
believes that the oil regions in the Western Carpathian Mountains cor- 
respond with a zone of epi-synclinal sedimentation, so called in contrast 
to the epi-anticlinal sedimentation which characterizes the great anti- 
clines and the overthrusts farther east. He states that the formation 
of the deposits occurred after the overthrusting, and under the influence 
of the circulation of waters. 

Meantime W. Teisseyre‘ observed a curious coincidence. The Borys- 
law oil field is on the prolongation of a transverse dislocation of the fore- 


*R. Zuber, Flisz i Nafta (Lwow, 1918). (Polish.) 


2Jan Nowak, “Le pétrole des Carpathes polonaises sous le point de vue de la géol- 
ogie regionale,” Trav. géog. publ. sous la dir. de E. Romer (Lwow, 1922). 


3Idem, Die Geologie der polnischen Olfelder (Ferdinand Enke, Stuttgart, 1929). 


4W. Teisseyre, “Sur importance des dislocations transcarpathiques pour la dis- 
tribution géographique et lhistorie du developpement des gisements de pétrole,” 
C. R. Séances d. Serv. géol. de Pologne, No. 4 (1922). (Polish.) 

Idem, “Sur Vorigine des traces de pétrole 4 Wojcza et sur la nécessité 
d’exécuter dans un but scientifique des forages profonds dans les dépressions subcar- 
pathiques,” Bull. Serv. géol. de Pologne, Vol. I, Liv. 2 and 3 (1921). 
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land, the line of Gologory-Krzemieniec; and Bitkow and Majdan ap- 
proximately on the prolongation of another dislocation, the line of 
Kowalowka-Smykowce. On the contrary, he states that the transverse 
dislocations of the foreland are represented by posthumous dislocations 
in the Carpathian Mountains, and he concludes that the oil fields are 
to be found in the vicinity of these posthumous dislocations which in 
this way must have been very influential in the migration of the hydro- 
carbons. 

Finally, it is proper to refer to an attempt of Friedl' to explain the 
geographic arrangement of the Polish oil fields on the theory that they 
are all connected with the deep fold, which is productive in the Eastern 
Carpathian Mountains, and which, covered by the overthrusts, may 
continue westward. However, the present tectonic conception does not 
take into consideration the extension of the deep fold so far toward the 
interior of the Carpathian Mountains. 

Thus, the regional arrangement has already attracted the attention 
of geologists. The problem is complex and irregularities in location and 
relation of the oil fields are most inexplicable where the tectonics are 
most involved. Accordingly, the most typical examples are in the 
Eastern Carpathian Mountains and especially in the regions of Boryslaw 
and Bitkow. 

The Boryslaw fold is a recumbent fold whose axis rises northwest- 
ward, forms the dome of Boryslaw, falls abruptly in the Popiele region, 
and forms a second dome at Nahujowice, beyond which it declines and 
disappears. It is to be expected that these two similar closed structures 
will be productive. Several exploratory wells at Nahujowice have shown 
that this structure contains water and showings of heavy oil. The pro- 
ductive horizons at Boryslaw have not been eroded; they are found at 
depths ranging from 200 to 800 meters (656 to 2,624 feet). 

Conditions are similar in the Bitkow-Majdan region. The Bitkow- 
Pasieczna oil field is on a system of anticlines whose axes decline toward 
the southeast. Toward the northwest, however, beyond a depression, 
the axes re-ascend and anticlines appear in the Maniawa inlier, where 
they are known as the Majdan, Bogrowka, and Sliwki anticlines. 

In many wells on these structures, which, @ priori, seem favorable, 
there was found only water, oil showings, or very small production of very 
light oil, as at Majdan. In the Majdan field this oil is in the Eocene; at 
Bitkow it is in the Menilitic shales. This difference of structure, how- 


*K. Friedl, “Die Entstehung des karpathischen Erdéls,”’ Zeits. Petroleum, Vol. 
18, No. 21 (1922). 
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ever, is not an explanation of the difference of the quality of the oil and 
the presence of water-bearing beds in the middle of the productive sand- 
stones. 

Likewise, in the anticline of Bogrowka, where the productive series 
at Bitkow is not eroded, only salt water and very small oil showings are 
found. 

There are many analogous situations. The similar domes, Schod- 
nica and Synowodzko, are on the same anticline, but only Schodnica is 
productive. In the Western Carpathian Mountains the location of the 
deposits in the regions of Krosno and Gorlice presents analogous prob- 
lems which will be discussed later. 

It must be stated in summary that the observed structural condi- 
tions are not sufficient explanation of the geographic disposition of the 
oil fields, and that other factors are to be considered. In order to de- 
termine those factors it is necessary to define the characteristics of the 
productive structures. 


BORYSLAW REGION 


The Boryslaw region includes the two structures of Boryslaw and 
Nahujowice. The geological map" shows that the structure of Boryslaw 
corresponds with a culmination in the border overthrusts (Orow folds) 
on which the Eocene synclines disappear and the Cretaceous cores are 
united in a single mass. This elevation is also marked by the edge of 
the overthrusts, which forms a concave arc toward the north. Likewise, 
the axis of the deep Boryslaw forms a concave arc toward the northeast. 

In a similar manner, in the foreland, the southern border of the pink 
marls, whose general dip is northeast, is in the form of a concave arc in 
the opposite direction. 

Finally, in that regional elevation, reappear the Sloboda Rungurska 
conglomerates, which, outside of this zone, are known only in the vicinity 
of the Pokucie elevation and stratigraphically disappear toward the 
north. 

Reverse conditions exist, however, on the northern prolongation of 
the Boryslaw fold in the Nahujowice region, where the overthrust 
masses resume their rectilinear character, the pink marls are nearer the 
border of the Carpathian Mountains, the Sloboda Rungurska conglom- 


'K. Tolwinski, “La géologie des Carpathes de Skole particulierement de la region 
de Boryslaw,” Siation géol. karp. Bull. 8 (1925). 


Idem. “Boryslaw-Tustanowice-Mraznica. Carte géologique,” Station géol. karp. 
Bull. 18 (1929). 
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erates disappear, and the Boryslaw fold continues northward obliquely 
to the Carpathian border. 

The conclusion drawn from the preceding considerations is that 
Boryslaw corresponds with a regional elevation, not only of the Carpa- 
thian Mountains of the Flysch, but also of their substratum. In fact, 
it is necessary to include this elevation of the substratum in order to 
explain the presence of the Sloboda Rungurska conglomerates and the 
disposition of the folds in concave arcs toward the north. In reality, 
the present arrangement of the folds explains the presence of an obstacle 
at depth, an obstacle which has furnished the material of the Sloboda 
Rungurska conglomerates, and which later delayed the advance of the 
Flysch folds. 

There is nothing similar at Nahujowice, where the Boryslaw fold 
extends without interruption in the foreland and the conglomerates dis- 
appear toward the west. The top of the fold, though higher than that 
of Boryslaw, is a secondary phenomenon, and there is nothing like it in 
the ensemble of the overthrusts and of the substratum. 


BITKOW-MAJDAN REGION 


The Bitkow region shows analogous phenomena, but the simplicity 
of structure of the overthrust conceals the complexity of the deep 
fold,—well known, however, through many wells, and indicated in the 
cross section shown in Figure 13. 

The great recumbent fold of the deep zone is so contracted that 
secondary movement has occurred at the base of the Menilitic shales, 
and the higher part of the series is only a mass of piled-up faulted folds. 
The direction of the folds has changed also,—toward the north. 

In the part of the foreland immediately in front of Bitkow, at 
Starunia, there are even greater complications. The Sloboda Rungurska 
zone, which was sinking regularly northwest from the Prut, abruptly 
reappears and secondary overthrusting also complicates its structure. 
The conglomerates of the core rise rapidly, then disappear stratigraph- 
ically toward the northwest. Here also, this disposition of the folds can 
be explained only by the existence of an obstacle at depth, an obstacle 
which has supplied the material of the conglomerates, and was the cause 
of the successive crushing of the Sloboda Rungurska zone and of the 
deep fold, which were forced to divide into a series of faulted folds. 

The elevation of Majdan-Sliwki is different. The deep fold is 
formed by broad regular undulations which, instead of being contracted, 
continue freely toward the foreland. 


. 


32 HENRY DE CIZANCOURT 


The Sloboda Rungurska zone resumes its regular character and 
attains its maximum width in broad imbricated folds. The conglomer- 
ates disappear with the tectonic complications. 

This disposition explains the difference between the folds crushed 
against an obstacle, the protruding substratum in the Bitkow-Starunia 
region, and the regular folds of Sliwki, Bogrowka, and Majdan, which are 
neither held back nor deformed by any obstacle, and which develop freely. 

This is the exact repetition of conditions at Boryslaw. In these two 
regions, therefore, the oil is concentrated where the folds are pressed 
against the protruding substratum in a virgation, whose free radiating 
branches rise without interruption toward the foreland. 


POKUCIE REGION 


The Pokucie region, with its fields of Sloboda Rungurska and Kos- 
macz, is « iypical but less remarkable example of the same phenomenon. 
These two structures are at the edge of the great elevation of Pokucie- 
Bukowina,—one a plunging nose, and the other a closed regular dome. 

Here also, as at Bitkow, is a clear example of virgation in the folds 
of the Sloboda zone, which extends obliquely northward in the vicinity 
of Peczenizyn, and the anticline of Sloboda Rungurska shows traces of 
the secondary overthrusting which characterizes the Starunia region. 


WESTERN CARPATHIAN MOUNTAINS 


In the Western Carpathian Mountains, analogous phenomena are 
observed. The first group of oil fields in the region of Sanok-Zagorz 
corresponds with the rise of the folds of the depression on the west. 
This rise is approximately at the exterior edge of the Silesian facies of 
the Cretaceous, which is a facies of elevation. However, this rise is not 
represented by obvious tectonic deviation. 

The second group of oil fields corresponds with the Krosno region, 
including the fields of Weglowka, Potok, Kroscienko, Bobrka-Rowne- 
Rogi, and Wulka-Lubatowka, which are among the most important in 
the Western Carpathian Mountains. The tectonic complications are 
similar to those already described. 

The folds of Brzozow, crushed in the Weglowka region, incline in a 
thrust (the Bonarowka outlier) under which are the two productive 
anticlines of Weglowka. Toward the west, the folds resume their free- 
dom, some of them curving in toward the north, forming the Chelm 
fold. The Liwocz fold keeps its northwestern direction. The virgation 
is here perfectly typical and the influence of the substratum undeniable. 
More remote effects may be seen at the north and at the south. At the 
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north, the folds which formed the edge of the Carpathian Mountains 
from Przemysl disappear at Rzeszow, but other folds continue at the 
south, where the anticlines of Bobrka and Wulka are close together in 
en échelon position. 

These movements are accompanied by breaking, which divides the 
folds of the Weglowka region into blocks of different form and structure.' 

Between Jaslo and Gorlice is a second zone of compression of 
the Western Carpathian Mountains. This zone may be explained by 
the following phenomena. 

The Liwocz anticline, with one end at Weglowka, extends in a con- 
cave curve directed toward the north and continues northwestward. 
The Krosno anticline, near Jaslo, turns abruptly southwestward and 
disappears, but the adjoining Biecz anticline continues westward and 
northwestward, rising into the Wisznic overthrust.? Here, at the point 
of maximum compression, the anticline is broken by important trans- 
verse dislocations.’ 

The Magura overthrust continues in that direction almost as far as 
Jaslo, leaving some outliers,‘ and its border folds near Sekowa make a 
curve like that of the anticlines previously mentioned. Here are the 
fields of Biecz, Harklowa, Lipinki, and Sekowa. 

The preceding descriptions show sufficiently the influence of the 
substratum upon the tectonics of the folds of the Flysch cover. The sur- 
face of the substratum shows irregularities of level; consequently, the 
plastic mass of the Flysch, which was being folded while advancing on 
that surface, was retarded in front of the elevations of the substratum, 
and the folds were contracted, crushed, and complicated by transverse 
dislocations. In front of these points, some folds were held back, and 
relayed by others, en échelon. 

On the contrary, the free branches of those virgations which were 
not held back by anything, and which are probably separated from their 
roots, like the Majdan anticline, the Nahujowice fold, the Chelm, and 
the Ciezkowice folds, could move on freely as overthrust folds. It 

"H. Goblot, “Sur la géologie des Karpathes au nord de Krosno,”’ Bull. Serv. 
géol. de Pologne, IV (1928). 

2Jan Nowak, Zarys tectoniki Polski. 


3K. Tolwinski, “ Dislocations transversales et directions tectoniques des Carpathes 
polonaises,” Trav. géog. publ. sous la dir. de E. Romer (Lwow, 1922). 


Idem. 
H. de Cizancourt, “Harklowa”’ in “Gisements de pétrole en Pologne,” Station 
géol. karp. Bull. 15 (1927). 
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seems inexplicable that the western extremity of a virgation marks such 
a movement, and not the eastern extremity. This is a result of the move- 
ment in the Carpathian Mountains spreading from west to east. The 
writer does not present the details of this problem, which he has treated 
elsewhere, relying upon arguments of stratigraphical nature." 

The result that is interesting because of the oil deposits is that the 
oil fields are grouped, as a rule, in the vicinity of the relative elevations 
of the substratum, and the free branches of the virgations are barren. 

The term “elevations of the substratum” refers to the eleva- 
tions of the topographical surface of the substratum. It is possible for 
some of these elevations to be connected with the tectonics, but not with 
the crushing of the folds, and the deviation of their direction could be 
considered as posthumous dislocations, of an age subsequent to the 
Carpathian overthrusts; on the contrary, these tectonic complications 
can be due only to preéxistent obstacles. Therefore, Teisseyre’s hy- 
pothesis according to which the oil deposits are grouped on the post- 
humous dislocations common to the Carpathian Mountains and to their 
foreland, is not acceptable in this form.’ 

The present tectonics of the Carpathian Mountains is the result of 
a progressive development. The simple folds, which were formed first, 
and whose disposition is similar to that of the present folds of the Central 
depression, followed in general the undulations of the surface of the sub- 
stratum, and, rising, concentrated near the points of resistance. If the 
concentration of the oil occurred at that time, it is evident that it could 
occur only in the vicinity of the elevations, those of the Flysch cover 
corresponding with those of the substratum. Such is the aspect of the 
Carpathian Mountains at the beginning of the Miocene. Meantime the 
substratum was still cropping out and supplying the materials of the 
Sloboda Rungurska conglomerates and of the pink marls. 

The writer believes, however, that in the distribution of the oil 
fields other possible factors have to be considered; for example, the pos- 
sibility of axial elevations which do not correspond with elevations of 
the substratum. This phenomenon could occur near the end of a fold, 
immediately south of which another fold could have been hindered in its 
movement, thus marking an axial culmination. Some oil fields may 
illustrate this type—for example, Rypne. 


*H. de Cizancourt, “‘Quelques remarques sur la stratigraphie de l’avant-pays des 
Karpates polonaises orientales,” Bull. Serv. géol. de Pologne, Vol. 5, Liv. 1-2 (1929). 


2W. Teisseyre, “Sur l’importance des dislocations transversales....,”’ loc. cit.; 
lorigine des traces de pétrole....,’’ loc. cit. 
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The culminating point of the tectonic movements in the Tortonian 
ought not to have modified this distribution of the oil fields. The more 
or less overthrust and faulted anticlines previously described were 
carried farther away and were covered by the marginal overthrusts, 
at the same time that the free ends, gradually separated from their 
roots, were carried forward and were advancing freely upon the fore- 
land, rising as they advanced; for example, Majdan, Nahujowice, and 
the folds between Tarnow and Rzeszow. 

It follows from the preceding that the main period of migration 
ought to be placed immediately before the formation of the great over- 
thrusts, or, more exactly, at its beginning. 

Other considerations confirm this opinion. The quality of the oil 
in any tectonic element is almost constant, although in some places 
there may be exceptions. If we consider, for example, the deep zone, 
the oils of Boryslaw, Rypne, Bitkow, Sloboda Rungurska, and Kosmacz 
are similar; but at Boryslaw, as at Bitkow, the overthrust folds which 
surround these deposits contain small quantities of very light oil. This 
is a filtered oil coming from the principal oil field, and its accumulation 
may be related to a system of faults. 

In the small Majdan field, similar oil is produced from the deep zone. 
This is an abnormal oil for this tectonic mass, and its origin should be 
sought by analogy with the preceding occurrences in a probably remote 
lateral secondary migration. Elsewhere the oil-bearing sandstones 
alternate with water-bearing sandstones, and the whole field is flooded, 
a condition that is especially remarkable, as it is found at the maximum 
culmination or “high” of the deep zone, and between the fields of Rypne 
and Bitkow, which contain no water although they are much lower. 

At Nahujowice, there are oil showings at the top of the structure, 
but not in commercial quantity. This is heavy oil, seemingly oxidized, 
and different from the Boryslaw oil. These traces of abnormal oil, in 
small quantities, in flooded regions, can be interpreted only by secondary 
migrations subsequent to the accumulation of the principal deposits. 
These are the remote consequences of the last tectonic movements. 

Thus, the age of accumulation of the oil may be fixed nearly at 
the beginning of the orogenic movements. The effect of the subsequent 
tectonic movements, however, was the derangement of this original dis- 
position and the secondary migration of oil along the dislocations, thus 
making possible the removal of the light oil in the overthrusts and the 
formation of the abnormal oil fields. 
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This suggests the following conception of the formation of the Polish 
oil fields. The oil concentrated in the sandstones rose gradually into the 
anticlines which were being formed, and particularly into the tops of the 
anticlines. The concentration can not have been previous to the depo- 
sition of the last of the stratigraphic series of the element or zone con- 
sidered, because in Boryslaw identical oils are found in the Cretaceous 
and in the Oligocene. It was, however, previous to the overthrusting. 
The time of concentration thus coincided with the first phase of the 
folding; that is, with the first breaking of the equilibrium. 

In the course of time the thrusting of the folds should have only 
slightly modified the acquired arrangement, while the secondary migra- 
tions gave rise to the oil fields in the overthrust and to others such as 
Majdan and Nahujowice. 

Finally, erosion no doubt modified this situation still more by the 
destruction of some oil fields and by the exposure of some anticlines. 


ORIGIN OF OIL 


Opinions have differed about the origin of oil in the Carpathian 
Mountains; however, it is generally agreed that the origin is to be sought 
in the Flysch series. 

Teisseyre' alone offered, in 1922, the hypothesis that part of the oil, 
after it migrated into the Flysch cover through transverse disloca- 
tions, may have come from the substratum. The significance of these 
dislocations has already been mentioned. On the contrary, Nowak’s 
recent geographical reconstructions exclude such a hypothesis, because 
the Carboniferous formations, the only rocks that could supply the 
hydrocarbons, do not extend under this region of the Carpathian Moun- 
tains.” 

Among the authors who believe that the origin of Carpathian oil 
should be sought in the Flysch cover, some—for example, Szajnocha,} 
Siegfried,‘ and Friedls—attempt to find the source in the bituminous 

"W. Teisseyre, “Sur l’importance des dislocations transcarpathiques pour la dis- 


tribution géographique et l’hypothese du développement des gisements de pétrole,” 
loc. cit. (Polish.) 


2Jan Nowak, of. cit. 

3W. Szajnocha, “‘O pochodzeniu karpackiego oleju skalnego,”’ Czas. Nafta (Lwow, 
1899). (Polish.) ‘Das Erdélvorkommen in Galizien im Lichte neuer Erfahrungen,”’ 
Mitteil. Geol. Gesellsch. (Wien, 1911). 


4E. Siegfried, “Die Naphthalagerstitten der Umgebung von Solotwina,” Zeits. 
Petroleum, Vol. 7 (1913). 


Pi ar. “Die Entstehung des karpathischen Erddls,” Zeits. Petroleum, Vol. 
18 (1922). 
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Menilitic shales. Others—for example, Paul* and especially R. Zuber*>— 
have thought that the whole Flysch may have been the source. 

W. Teisseyre’ also suggested that the Saliferous formation may be 
the origin of the Carpathian oil. This theory, however, does not seem 
tenable because the great Saliferous zone of the foreland does not con- 
tain any known oil field, and further, because the whole Central depres- 
sion with its many oil fields is devoid of the Saliferous. 

Nowak‘ presents in his recent work a new observation of very great 
interest. All the oil-bearing regions of the Polish Carpathian Mountains 
belong to the epi-synclinal formations, that is, formations deposited in 
the zones where the synclinal facies was prevailing, in contrast to the 
epi-anticlinal formations. This introduces, for the first time, in the 
study of the Carpathian Mountains, the idea of a connection between 
the oil and the facies. ° 

The central depression is oil-bearing in only a few regions, partic- 
ularly in the region of Krosno and Sanok, that is, where the folds sink 
toward the southeast; also there is a series of seepages near Zabie, where 
the folds rise toward the southeast. This fact may be explained in two 
ways: either in a purely mechanical way, by admitting a general migra- 
tion of the oil to the relative elevations, along the plunging structures; 
or in a stratigraphical way, by admitting that the oil was formed more 
probably on the edges of the depression, and that the migration occurred 
only in a secondary and limited way. 

The first hypothesis permits considerable migration, which seems 
improbable and does not explain the absence of the oil in the oblique 
structures which rise laterally from the depression. In fact, in the part 
of the Central zone between the elevations of the Western Carpathian 
Mountains and the structure at Pokucie—that is, in the part corres- 
ponding with the transverse depression of Popiele—there is a whole 
series of plunging structures, which contain only insignificant seepages. 

The second interpretation, on the contrary, necessitates making.a 
supplementary hypothesis, postulating that the oil had been formed in 
the transition zone between the relative elevation and relative depressions 
of the same great zone of the Central Carpathian Mountains. 


1C. M. Paul, “Die Petroleum- und Ozokerit-Verkomnisse Ostgaliziens,” Jahrb. 
k. k. Reichsanstalt, Vol. 31 (Wien, 1881). 


2R. Zuber, Flisz i Nafta (Lwow, 1918). (Polish.) 


3W. Teisseyre, ‘Sur l’origine des.traces de pétrole a Wojcza et sur la necessité 
d’exécuter dans un but scientifique des forages profonds dans la dépression subcar- 
pathique,” Bull. Serv. géol. de Pologne, Vol. 8, Liv. 2-3 (1921). 


4Jan Nowak, op. cit. 
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Likewise, in the deep zone, the structures of Boryslaw and Bitkow 
are characterized by special facies of relative elevation such as the Slo- 
boda Rungurska conglomerate, the Boryslaw sandstone, and the Kliwa 
sandstone. The large structure of Pokucie Bukowina does not contain 
much oil. 

CONCLUSIONS 


In the preceding chapters the writer has tried to investigate the 
factors which have determined the present distribution of the oil fields 
of the Polish Carpathian Mountains. A summary follows. The present 
distribution of the oil fields does not correspond with the tectonics of the 
overthrusts, and in great part it is independent of them. Therefore it is 
believed that the distribution had. been determined, in general, by 
the embryo-tectonics of the folds. These early, simple folds were in- 
fluenced by the factors of paleogeographic order; that is, by the disposi- 
tion of the substratum on which they were moving. The formation of the 
oil was determined by the local conditions of facies; there also the paleo- 
geographic factor must have been most influential. 

Thus we come to the following sketch of the conditions of the forma- 
tion and the migration of the Polish oil. 

The oil was formed without doubt in the Flysch; that is, in a forma- 
tion of rapid and periodic sedimentation, in not very deep seas, where 
chains of islands and mud flats, whose distribution was a heritage of 
the old Hercynian chains, supplied plentiful clastic materials and at the 
same time regulated the distribution of the facies. It is probable that 
the oil originated most favorably in synclinal zones in the vicinity of 
relative elevations. According to local conditions, all or part of the 
sedimentary series must be considered as a unit in contributing to the 
result. 

At the same time that the Flysch was being deposited, the tectonic 
movements were folding it gradually into wide overthrust folds; these 
folds also were predetermined by the character of the substratum. Thus, 
the same factors which were regulating the distribution of the facies de- 
termined also the embryo-tectonics of the region. 

After that time, migration of the oil could have occurred, but it 
seems that the breaking of the general equilibrium by the first great 
Tertiary movements caused the concentration of the oil into the local 
areas of elevation. From that time the present distribution of the oil 
fields was settled. The effect of the overthrusting was the separation 
of the Flysch from its substratum, the accentuation of its folds, and the 
thrust of the folds into overthrusts resting one on another; but the main 
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lines of the distribution of the oil fields did not change; the greatest 
effect of these movements was to cause some local readjustments, and 
to create by migration a few secondary oil deposits, whose oil, however, 
migrating under different conditions of temperature and pressure, is light, 
—different from that of the primary oil fields. 

The process of the formation of the oil deposits in a region of over- 
thrusts like the Carpathian Mountains, is not, therefore, complicated in 
itself, but continued tectonic development caused greater intricacy and 
unfortunately diminished the chances of preservation of the oil fields. 

It is not the purpose of the writer to say that an analogous process 
could have occurred in other regions of overthrusts, but the study of a 
producing region developed through a period of more than 60 years, 
where most of the structures were explored, and where probably nearly 
all the oil fields are known, should contribute some explanations to the 
general problem of ihe distribution of oil in other regions of overthrusts. 

This problem is to-day of small importance, but the rapid develop- 
ment of the oil industry, with the necessity of searching for oil under 
difficult conditions of depth and structure, will some day demand the 
special attention of geologists. 
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CLAY CREEK SALT DOME, WASHINGTON COUNTY, TEXAS! 


F. E. HEATH, J. A. WATERS, and W. B. FERGUSON? 
Dallas, Texas 


ABSTRACT 


The Clay Creek salt dome was discovered while surface geology was being mapped. 
Oil and gas are produced from sands of Cook Mountain, Mount Selman, and Wilcox 
age. The upward movement of this dome commenced prior to the deposition of 
lower Mount Selman sediments and continued at least to upper Oligocene time. An 
area covering the central part of this structure has been subjected to slumping since 
early Mount Selman time. These movements have been irregular. 


LOCATION 


The. Clay Creek salt dome is 12 miles north of Brenham, Washing- 
ton County, Texas, and 22 miles north-northeast of the Brenham salt 
dome (Fig. 1). It is 2 miles south of Yegua Creek, which forms the 
boundary between Burleson County on the north and Washington 
County on the south. Its name is derived from Clay Creek, which 
flows across its west side. This dome is in the northern part of the coastal 
salt-dome province. 

The areal outline of the dome, as interpreted by surface geology, 
is in the form of an ellipse with its long axis extending 7,500 feet north- 
east and southwest. Interpretation of seismographic data indicates 
that it has a more nearly circular outline. 


HISTORY 


W. B. Ferguson discovered the Clay Creek salt dome in July, 1926, 
while mapping surface geology for the Sun Oil Com>oany. The area of 
the structure was immediately leased. Five diamond drill holes were 
completed in November and December, 1927. On April 28, 1928, the 
first test for oil was commenced. This was the Schirmer No. 1, which 
was abandoned at a depth of 4,271 feet. It encountered no commercial 
showings of oil. In October, 1928, the second test, the G. F. Grote 
No. 1, was completed at 1,154 feet, with a daily production of 125 bar- 

*Read before the Association at the New Orleans meeting, March 20, 1930. Man- 
uscript received, September 30, 1930. Published by permission of Sun Oil Company. 

*Sun Oil Company. 
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Fic. 1.—Geographical location of Clay Creek salt dome. 


rels. In November, 1928, the G. F. Grote No. 2 was completed, flowing 
4,200 barrels a day from a total depth of 1,345 feet. On February 1, 
1930, 32 holes had been completed which resulted in 14 oil wells, 5 gas 
wells, and 13 dry holes. The total production from the field was 887,000 
barrels of oil. 

TOPOGRAPHY OF DOME 


Figure 2 is a topographic map of the area of this dome (taken from 
the United States Geological Survey topographic sheet of the Gay Hill 
Quadrangle). The outline of the top of the dome is shown by a heavy 
line. A study of this map shows that the dome lies north of a semi- 
circular topographic “high,” which is capped by sandstones of lower 
Oakville age. The erosional activities of Clay Creek have formed a re- 
entrant into its scarp. The dome itself is beneath the valley of Clay 
Creek, and neither topography nor drainage suggests its presence. 
The main channel of Clay Creek bends slightly westward as it approaches 
the dome from the south, but as other creeks in this area have similar 
drainage systems, this is not considered indicative of local structure. 
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Fic. 2.—Topographic map of Clay Creek salt dome. Contour interval, 25 feet. 


STRATIGRAPHY 


This dome is in an area where the normal outcrops should be basal 
Miocene and upper Oligocene. The normal section which should be 
encountered in a well in this area, commencing 100 feet above the base 
of the Miocene, is shown in Table I. 


SURFACE GEOLOGY OF CLAY CREEK 


Figure 3 shows the surface geology of this dome as mapped by 
W. B. Ferguson, assisted by J. E. Sweeney. Over the central part of the 
dome are sediments of the Oakville formation, of lower Miocene age. 
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Fic. 3.—Surface geology of Clay Creek salt dome. 
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This central area is in the form of an ellipse with a long axis of approx- 
imately 7,500 feet, extending N. 70° E., and a short axis of approxi- 
mately 5,000 feet at right angles to the long axis. 

In contact with the central Oakville strata are beds of Oligocene 
age with the exception of approximately 1,500 feet on the south side, 
where the contact is between strata of Oakville and Jackson age. The 
Catahoula beds cover an area ranging from 500 to 1,500 feet in width 
on the north, northwest, and northeast sides of the dome}; on the other 
sides, their outcrop is 1-1}4 miles wide. Within the heavy dashed line 
the dips of the Catahoula are toward the Oakville inlier, and outside 
of this line the dips are away from the central area. 

The Jackson outcrop on the south side of this dome is an inlier in 
contact with the Oakville beds on the north side, and on the east, south, 
and west sides with beds of Catahoula age. The contact on the west 
side is formed by a fault which has its downthrow on the west and whose 
vertical displacement has not been measured. The dips of the Jackson 
beds in this area are toward the south and west. 

On the north side of the dome, in contact with the Catahoula beds, 
are sediments of Jackson age which extend to the bottoms of Yegua 
Creek and which are covered by recent river deposits in this direction. 
Catahoula sediments are present in this area, the normal Jackson- 
Catahoula contact being north of the bend of the creek which extends 
farthest north. In the Silver Moon Rogers No. 1 in Burleson County, 
approximately 50 feet of Catahoula strata were encountered. This 
Jackson outcrop is an inlier surrounded by beds of Oligocene age. The 
dip of the Jackson strata in this inlier is, in general, away from the 
central area covered by Oakville sediments. 

The regional strike in this area is N. 65° E. The regional dip is 
approximately 150 feet per mile. 

The areal geology of the Clay Creek salt dome, with the younger 
strata in the center and with older beds encircling them and dipping 
away from the central area, depicts a domal structure with its top folded 
or slumped down. 

Around the margin of the central Oakville inlier are a few exposures 
of beds which dip at a steep angle toward the center of the dome. 

The lowest Jackson beds exposed are those of the massive lignitic 
shale section of the middle Jackson. These exposures are at the part of 
the southern inlier which is farthest north, and at the part of the northern 
inlier which is farthest south. 
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A resumé of the facts shown by surface geology and their structural 
interpretation follows. 

The oldest beds exposed are of middle Jackson age and are at least 
600 feet above their normal position. 

The area of suggested greatest structural uplift is covered by the 
youngest strata exposed. 

The dips of the beds of lower Oligocene and of Jackson age are in 
general away from the central area covered by Oakville sediments. 

The area in which abnormal structural conditions exist is almost 
circular, with a diameter of approximately 3 miles. The area of greatest 
uplift is not more than 114 miles wide. 

The one large fault exposed has a strike which, if continued, would 
pass near the center of the area that seems to be structurally the highest. 

Because these structural conditions exist in an area of known salt 
domes, it is logical to conclude that they indicate a salt dome. Also, from 
the dips of the formations exposed, it is evident that there has been no 
appreciable uplift of this structure since the beginning of Miocene time. 
One radial fault is present. Evidently slumping has occurred in the 
central area because of the solution of shallow salt by ground waters, 
this slumping evidently commencing after Oligocene time and contin- 
uing during the deposition of Oakville sediments. 


SUBSURFACE GEOLOGY 
PRODUCING SECTION 


Production on this dome has been obtained from sands of Cook 
Mountain, Mount Selman, and Wilcox age, the chief producing horizons 
being in the last two formations. 

All test holes have been cored continuously from a depth of approx- 
imately 600 feet to their total depths. 

It has been possible by micro-paleontology accurately to subdivide 
the divisions of the Cook Mountain and Mount Selman formations as 
listed in Table I. This work has made it possible to interpret correctly 
the structural conditions encountered. The lithologic character of 
these divisions is so similar that such subdivisions can not be made with 
any degree of accuracy by the lithological method alone. Such informa- 
tion as is presented by cross sections and structural contour maps is 
based chiefly on paleontologic determinations. 

Figure 4 is a log section AA’ drawn to scale from southeast to 
northwest across the dome. The line of this section is shown on the 
figure. The following features are shown by this section. 
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1. On the south side of the dome from well 5 to well 1 the formations 
below the Miocene dip steeply southeast. The average dip of the Eocene 
is 28°. 

2. From well 6 to well 8 the average dip of the Oligocene-Jackson 
contact is N. 17° toward the center of the dome. 

3. From well 9 to well 8 the Oligocene-Jackson contact dips S. 
17° toward the center of the dome, and from well 10 to well 9 the Jackson- 
Yegua contact dips S. 28°. 

4. The greatest thickness of the Miocene, 404 feet, was found in 
well 8. The subsea datum on its base is —176 feet, which is 500 feet 
structurally lower than its normal position in this area. This same well 
encountered 702 feet of Oligocene, the subsea datum on its base being 
—878. This is approximately 800 feet lower than the normal position 
of this contact in this area, and the thickness is approximately three 
times that in its normal section in this locality. 

5. From well 1 to well 5 the Cook Mountain-Mount Selman for- 
mations thin from 848 to 245 feet. This thinning is not distributed 
proportionately through the section, but a decided irregularity is noticed. 

6. In well 6, 634 feet of cap rock and 50 feet of rock salt were 
encountered. The upper 134 feet of the cap rock was crystalline lime- 
stone, below which was 500 feet of gray-white, finely crystalline anhy- 
drite. The cap rock showed light and dark bands which had a dip of 
45°. The rock salt was similarly banded. 

Log section BB’ (Fig. 5) extends across the producing area on the 
south side of the dome, from the edge of production on the northeast to 
the edge of production on the southwest, and depicts the structural 
relief. 

In this cross section wells 14 and 15 are the highest structurally on 
the Wilcox formation, and have been the most prolific producers. The 
formation is 2,100 feet above its normal position and produces oil and 
gas. Wells 14, 15, and 16 encountered no Sparta or Carrizo sands. 
The dip in the basal Mount Selman beds in this section is steeper than 
in the overlying beds. 

Log section CC’ (Fig. 6) is a northeast-southwest section across the 
gas-producing structure on the northwest side of the dome. No Sparta 
sand was encountered in wells 18, 10, and 21, and the Queen City sand 
was absent in well 20. The varying thicknesses of the members of the 
Cook Mountain section are particularly noticeable. This section shows 
that the structural relief in this area is much less than in the producing 
area on the south side, as shown on Figure 5. 
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Fic. 5.—Log section BB’ across producing area on south side of Clay Creek dome. 


A study of Figure 9 shows that the section between the top of the 
Reklaw and the base of the Cook Mountain thins over the structurally 
high areas and thickens in all directions away from them. 

A study of Figure 11 shows that the Yegua section thins irregularly 
toward the central area. This strongly suggests that during Yegua time 
the upward movement of the salt mass was equal to the regional down- 
warping, resulting in no sediments of this age being present on the top 
of the dome. 


CONCLUSIONS CONCERNING SALT MOVEMENTS 


As no Carrizo is found in the structurally highest producing wells 
on the south side of the dome, it is probable that the formation was not 
deposited, because of the existence of a local “high” at that time. The 
conclusion is that the sait intruded and uplifted the underlying forma- 
tions prior to deposition of the Carrizo sand. The great irregularities 
in the thickness of the members of the Mount Selman and Cook Moun- 
tain are conclusive evidence that progressive uplift of the salt occurred 
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during the deposition of Mount Selman and Cook Mountain sediments. 
During this same period there must have been slumping over the central 
area of the dome sufficient to explain the thickening of this section in 
this area, as is shown in Figure 9. 

The Yegua section in Figure 11 is shown to become thinner toward 
the center of the dome, and it is concluded that during Yegua deposition 
there was continuous uplift of the salt with greatest upward displace- 
ment occurring at the center of the dome. 

Insufficient data are available to determine the movements during 
Jackson time. It is assumed that the entire formation was deposited 
on the dome, inasmuch as the highest Jackson was encountered in a 
well drilled approximately at the center of the dome (well 8, Fig. 4). 
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CONTOUR MAP 
TOP OF THE COOK MOUNTAIN 
CONTOUR INTERVAL IOOFT 
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Some uplift occurred during or after Oligocene deposition, and 
there was a subsidence of at least 600 feet of the central area. 

Some subsidence of the central area occurred during Oakville 
deposition, and since that period a slight uplift may have occurred. 

Table II presents the normal depth, the maximum indicated up- 
lift on the dome, and the ‘maximum downward displacement in the 
central area of the several divisions of the sedimentary section. 


CONCLUSIONS CONCERNING FORMATION OF CENTRAL DEPRESSION 


The writers believe that the evidence presented in this paper is 
sufficient to justify the opinion that at the close of Wilcox time the 
upthrusting salt mass had almost reached the surface of that time and 
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TABLE II 
Formation Normal Depth Maximum Uplift: |Maximum Downward 
(Feet) (Feet) Movement (Feet) 
Basal Miocene Surface | 500 
Basal Oligocene 250 ‘ 100 | 675 
- Basal Jackson 1,050 1,000 950 
a Basal Yegua 1,850 1,200 ? 
Basal Mount Selman 3,100 2,100 | ? 
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that over the central area, by means of erosion, the cap rock had been 
removed from the top of the dome, that some solution of salt by circulat- 
ing ground waters occurred, that the cap rock on the flanks of the dome 
was not exposed and was not eroded, and that there was probably a 
topographic high area around the edges of the dome. Evidence is in- 
sufficient to prove these conclusions. Such a condition as this is present 
to-day at the Palestine dome in Anderson County, Texas. 

In the regional subsidence during Mount Selman-Cook Mountain 
deposition, there was upward movement of the salt core, but it was not 
continuous. For a considerable time ground waters may have continued 
to dissolve the salt in the central area, thus retarding its relative upward 
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movement and allowing more sediments to be deposited here than in 
the circular outer zone in contact with it. 

During Yegua times the salt mass movement was continuously or 
progressively upward, with the result that little or no sediment was 
deposited over the center of the dome. 

During Jackson time evidently there was no upward movement of 
the salt, as the entire upper half of the Jackson is at the surface, dipping 


away from the central area, and as the upper Jackson is found in the 
deepest well (well 8, Fig. 4) in this area. 


Prior to the deposition of Catahoula sediments considerable uplift 
and erosion must have occurred, as lower Catahoula beds are found in 
contact with middle Jackson beds. There was a downwarping of the 
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central area, during Catahoula deposition, of at least 450 feet, which is 
the amount of the abnormal thickness of this section here. 

During the deposition of the Oakville sediments a further down- 
ward movement of the central area occurred. Whereas no Oakville 
should be present here, there is at least 404 feet of such sediments. 

If an entire section of Jackson is assumed to be present in the 
central area, its base is about 950 feet lower than normal. On the outer 
edge of this basin the basal Jackson is 1,050 feet above its normal posi- 
tion. It is, therefore, evident that solution of the salt by ground waters 
at a depth of at least 1,950 feet below the surface and the subsequent 
slumping of the overlying formation can not be the correct explanation 
of the downward movement. 

There is a slight possibility that relatively fresh connate waters 
from sands on the flank of the salt mass may have been brought into 
contact with the top of the salt core, and that these waters could have 
dissolved a considerable amount of salt. The concentrated saline 
waters could have reached the surface through faults and fractures. 
The progress of such solution might have equailed the upward move- 
ment of the salt mass, but it is very doubtful if it could have exceeded 
the upward movement. Further evidences against this possibility are 
the core analyses of sands in the central area showing that the fluid 
contained in them is potable water. 

In Donald C. Barton’s review of Escher and Kuenen’s paper,’ he 
states that they find that a fold with an M-shaped vertical cross section 
results when alternate layers of clay and paraffine are subjected to a 
downward pressure by a ring-shaped disk while a counter pressure is 
kept on the central area of one-half that applied on the disk. Possibly 
some such combination of forces has produced a similar vertical salt- 
mass cross section, the low central area here being due to a relatively 
retarded upward movement of the salt mass underlying it. 

Although the information at present is sufficient to permit the con- 
clusions stated in this paper, the writers think that subsequent drilling 
may materially alter their views, probably showing that this relatively 
simple structure is much more complex. 


SUMMARY 


The following essential facts have been presented in this paper. 


Experiments in Connection with Salt Domes,’ by B. G. Escher and Ph. H. 
Kuenen. (Review by Donald C. Barton.) Bull. Amer. Assoc. Petrol. Geol., Vol. 14, 
No. 1 (January, 1930), pp. 107-08. 


+ 


60 F. E. HEATH, J. A. WATERS, AND W. B. FERGUSON 


1. Unconformities are present in the section explored, caused by 
intermittent uplift of the salt mass during its deposition. 

2. A central low area is present which evidently has been caused 
by intermittent downward salt-mass movement, except during Yegua 
time, when there is no evidence of downward movement. 

3. Oil and gas have been obtained from Mount Selman and Wilcox 
sands, the first production from these formations on any salt dome in 
this coastal salt-dome province. 


EFFECT OF SALT DOMES ON ACCUMULATION OF 
PETROLEUM' 


DONALD C. BARTON? 
Houston, Texas 


ABSTRACT 


The source of petroleum has not been shown to have any genetic connection with 
salt domes. In the migration of petroleum, the major effects of a salt dome are to 
accelerate lateral migration and to direct migration toward the dome; the minor 
effect is to facilitate vertical migration through faults and fissures. Localization of 
accumulation in super-cap (super-salt) sands is due to simple anticlinal trapping in 
sands under hydraulic head; in cap-rock fields it is due to unconformity trapping and 
limestone porosity; and in flank fields it is due to traps of many types in sands 
under hydraulic head. The most important types of traps are the fault with down- 
throw on the down-dip side, sand lens, unconformity, and shale porosity. Lateral 
localization of accumulation around a dome is controlled by faulting, porosity, and 
continuity or lack of continuity of sands. 


The structural influence of salt domes on the accumulation of pe- 
troleum has not been analyzed satisfactorily in any published discussion. 

The problem of accumulation of petroleum in its simplest form 
may be analyzed into the subordinate problems of: (1) source of the pe- 
troleum; (2) migration of the petroleum; and (3) localization of accumula- 
tion, with its requirements of reservoir space, kind of trap, and water 
conditions. 

The source of petroleum has not been shown to have any genetic 
connection with salt or salt domes. The subsurface temperatures on 
salt domes seem to be abnormally high; if the salt is thrust through 
formations, the pressure on the formations may be slightly above normal. 
Abnormally high temperature and pressure might accelerate generation 
of petroleum from its source material. There is, therefore, a faint 
theoretical possibility of a slight relation between salt domes and the 
formation of petroleum. But at a dome such as Esperson, Liberty 
County, Texas, the oil is found only in gently arched Miocene sands 
at depths of 2,300 and 3,250 feet below the surface and at a height of 
3,000 + feet above the top of the salt. Below these oil sands there are 
2,500+ feet of gently arched alternating beds of sand and gumbo of 


*Manuscript received, October 27, 1930. 


2Consulting geologist and geophysicist. 
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Miocene and Oligocene age. A few of the sands give showings of oil, 
but most of them are salt-water reservoirs. The relation between salt 
domes and salt-dome oil fields seems to be structural rather than gen- 
etic. 

In the migration of petroleum, the effects of a salt dome are dual. 
Its major effect is to provide structure which should greatly accelerate 
lateral migration and direct it toward the crest of the dome. The normal 
regional dip in the Gulf Coast ranges from 75 to 200 feet per mile. The 
“upthrust” of the salt core has domed the sediments quaquaversally 
in an area extending out probably 2 or 3 miles from the edge of the salt. 
The radial rise in a distance of 2 miles may amount to 3,000 feet. If, as 
the writer believes, lateral migration occurs, it should be accelerated 
by these steeper dips and should be directed toward the center of the 
dome. 

The other effect, which the writer believes to be minor, but which 
Roumanian oil geologists' and other geologists believe to be the major 
effect, is to facilitate vertical migration along faults and fractures. 
The salt and the sediments are in fault contact; accessory peripheral 
and radial faults are common on salt domes.? Transverse or vertical 
migration of petroleum seems definitely to have occurred on American 
salt domes. The flank sediments of shallow domes are very much more 
faulted than the sediments above very deep salt domes. The common 
irregularity of the occurrence of oils of different character in the flank- 
sand oil fields, in contrast to the regularity of the variation of the oil 
at domes such as Orange, Louisiana, and Esperson and Goose Creek, 
Texas, strongly suggests irregular migration probably along faults and 
fractures. The large wells in the fault gouge zone at West Columbia, 
Texas, suggest migration along the fault.s The freak high-gravity oil at 
Belle Isle, Louisiana, seemingly must have seeped up from great depth in, 
or at the edge of, the salt. The high-gravity oil which is found at ab- 
normally shallow depths close to the salt on many domes may be oil 
which in part, at least, has migrated up from great depth; but the occur- 
rence of oil at fields such as Orange, Esperson, and Goose Creek suggests 
that primary migration is sufficiently explained by lateral migration 

"Karl Krejci, Die Ruménischen Erdéllagerstatten, particularly III, pp. 117-26 


(1929). Walter Kauenhowen, “Das geol. tech. u. wirtsch. Verhiltnisse des siidru- 
miinischen Erdélgebietes,” Gliickauf, No. 12 and No. 13 (January, 1925). 


2—D. P. Carlton, “West Columbia Salt Dome and Oil Field, Brazoria County, 
Texas,” Structure of Typical American Oil Fields, Vol. II (Amer. Assoc. Petrol. Geol., 
1929), PP- 451-69. 


3D. P. Carlton, of. cit., pp. 461-67. 
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and that vertical migration is subordinate. The argument of the Rou- 
manian geologists for the upward migration of oil along the edge of 
the salt seems to the writer inconclusive; he has great difficulty in im- 
agining the petroleum coming vertically up within the edge of the salt 
and bending its course through a vertical angle of 140° to displace 
. water more than 1,000 feet down the stratification in sands dipping at 
very steep angles. 

The salt-dome oil fields may be classified as: (1) super-cap (super- 
salt) sand fields, (2) cap-rock fields, and (3) flank-sand fields. 

Localization of the accumulation in the super-cap (super-salt) sand 
fields is due to simple anticlinal accumulation (under conditions of hy- 
draulic head) in sand beds between impervious gumbos. Lensing of the 
sands in places is a small factor. On shallow domes such as Saratoga, 
Texas,’ or Batson, Texas,” the closure ranges from 1,500 to 3,000 feet; 
on a deep dome such as Esperson the closure may not be more than 500 
feet. The “upthrust”’ of the salt has domed the overlying beds without 
piercing them. 

Localization of petroleum in the cap-rock fields is due to limestone 
porosity under a cover of impervious gumbo and under conditions of 
probably static hydraulic head. The lime rock? which forms the upper 
part of the cap of many salt domes characteristically is permeated by a 
ramifying net of large and small solution channels and it contains many 
fractures and fissures. Cavities so large that the drill bit may drop 
suddenly for several feet are encountered and large quantities of hay 
and straw have been pumped down a well to re-establish circulation of 
drilling fluid. The trap is formed by impervious gumbos lying uncon- 
formably on the cap rock. The oil is underlain by salt water probably 
under nearly static hydraulic head. The cap-rock oil fields seem to be 
accumulations of a somewhat special, complicated limestone-uncon- 
formity type. 

Localization of the accumulation in the flank-sand oil fields is due 
primarily to a fault trap in sands between impervious gumbos probably 


*J. R. Suman, “‘The Saratoga Oil Field, Hardin County, Texas,”’ Geology of Salt 
Dome Oil Fields (Amer. Assoc. Petrol. Geol., 1926), pp. 500-23. 


2George Sawtelle, ‘The Batson Oil Field, Hardin County, Texas,” Geology of Salt 
Dome Oil Fields (Amer. Assoc. Petrol. Geol., 1926), pp. 524-29. 


3Objection is raised to the use of the term “limestone.” The rock seems not to 
be sedimentary but to be a replacement deposit. Goldman uses the term “calcite” cap. 
On account of the large size of the deposit, the writer prefers not to speak of it by a 
mineralogic name. 
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under conditions of nearly static hydraulic head, but in places it is due 
to sand lenses, shale porosity, and unconformity traps. 

The unconformity-trap type of accumulation is present in some of 
the German oil fields, such as Wietze. The basal Tertiary beds lie un- 
conformably on Lower Cretaceous and Jurassic. The oil in the Wealden 
(basal Lower Cretaceous) is in sands beneath the unconformity." A 
trap of this type may be present in American salt-dome oil fields, but 
this may not easily be established. Its presence is more probable at the 
top of the Oligocene than in the Miocene. 

A small amount of oil shale is found in the Jackson black shale in 
the Gulf Coast region. Most of the less prolific production of oil from the 
Jackson is from sand lenses and sand partings in the shale, but some 
oil seemingly is held in the minute partings in the shale. This oil is not 
under hydraulic head. 

Sand-lens trapping of the oil probably occurs, although it is rare. The 
association of a sand lens with a salt dome may be accidental, or, more 
rarely, genetic. The sand beds of the Gulf Coast area commonly are 
lenses rather than continuous sheets of great lateral extent. On a 
few domes, the end of a sand lens may occur correctly placed in the 
steeply dipping flank sediments to provide a trap of the sand-lens type. 
In the Persian Gulf, salt-dome mounds rise as islands; if the material of 
the mound is sandy, sand lenses whose formation is genetically connected 
with the presence of the salt dome should be deposited around it. 

A trap of the plunging-anticline type may be present on the axial 
flanks of linear salt domes. The flank beds on the axis of linear salt 
domes, as Moreni and Baicoi-Tintea, form plunging anticlines on which 
oil deposits have accumulated.2 A trap of some other type must be 
present near the flank of the salt. 

The fault trap of the type having the downthrow on the up-dip side 
is present in American salt domes; for example, on the west-southwest 
flank at West Columbia.’ It is known in other salt-dome oil fields, but 
it is a subordinate factor in trapping the oil. 

The major factor in localization of accumulation in prolific flank- 
sand oil fields is the trap formed by a fault with the downthrow on the 
down-dip side, with sands under hydraulic head. If the much debated 

"Alfred Kraiss, “Geologische Untersuchungen iiber das Olgebiet von Wietze 


in der Liineburger Heide,” particularly Sec. II, Tafel 4, Preuss. Geol. Landesanstalt 
Archiv fiir Lagerstattenforschung, Heft 23 (1916). 


2Walter Kauenhowen, op. cit., Fig. 3. 
3D. P. Carlton, op. cit., Fig. 5, p. 456. 
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mechanics of the formation of salt domes is neglected, and if merely 
the resulting structural form is regarded, the Gulf Coast salt dome is a 
simple horst in which the salt is the relatively upthrown block and the 
surrounding sediments are relatively downthrown. If the mechanics 
of the formation of salt domes is considered; there is some objection to 
the application of the term horst to salt domes, because the original 
definition strictly applies to blocks which have remained up when the 
surrounding blocks have dropped and because the salt domes are as- 
sumed to have been upthrust through the surrounding sediments. The 
evidence seems to the writer, however, to indicate that on Gulf Coast 
domes, the oil sands have gone down more than the salt has come up. 
The relation of the salt to the inner edge of the flank sediments is that 
of a normal fault in the conventional definition of the term; the move- 
ment is vertical; the salt is upthrown relative to flank sediments, and 
the flank sediments are downthrown relative to the salt. As types of 
traps are being discussed, and not migration, the general dip of the 
flank sediments may be regarded as normal dip, although, strictly, it is 
a structural dip. Structurally, therefore, the type of trap is the same as 
that of the downthrown block in a faulted oil field of the type in which 
the downthrow is on the down-dip side, a type commonly regarded as 
most unfavorable for efficient trapping of oil. 

Three reasons for the great effectiveness, on Gulf Coast salt domes, 
of the ordinarily ineffective trap of this type are as follows. 

1. The oil sands are intercalated in thick beds of gumbo, that is, 
stiff sticky clay. Gumbo dragged and plastered across the inner edges 
of faulted-off oil sands should effectually seal them. 

2. The drag adjacent to the edge of the salt may stretch and pinch 
off the end of a sand bed between thick gumbo beds and the sand bed 
may be forced to assume the form of a sand lensing up-dip. Such a trap 
is of the lensing-sand type. 

3. Lateral escape of oil along the fault is impossible, for horizon- 
tally the fault is a closed circle or ellipse; lateral migration also may be 
stopped by radial faults or lateral lensing of the sands. 

If the faults are in more consolidated sediments than the Tertiary 
sediments of the Gulf Coast, the probable result is that the inner edge 
of the sands is not effectually sealed, and the oil escapes up the fault. 

The theory suggested by this peculiar accumulation of petroleum 
in the downthrown block on the down-dip side is that similar accumula- 
tion may be found on normal faults with the downthrow on the down-dip 
side which cut soft, unconsolidated sediments and which are not neces- 
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sarily associated with salt domes. The trap controlling the accumulation 
of oil in the Miocene sands at Orange is surmised by the writer to be of 
this type. Although the fault presumably is related to the underlying 
salt dome, the salt at Orange is known only from geophysical determin- 
ation and must be at great depth, and the main Miocene oil sands lie 
between the depths of 3,000 and 4,500 feet. 

Lateral localization of accumulation of petroleum around domes 
is irregular and its causes are not well known. Radial faulting and dif- 
ferential moving of radial fault blocks seemingly have been important 
factors. Lateral lensing, differences in porosity, and local lack of effec- 
tive sealing are common causes, but ordinarily there is no clear cause for 
a barren octant or quadrant. The writer surmises that, to a consider- 
able extent, conditions, perhaps structural, beyond the narrow zone of 
our knowledge, have converged the lines of migratory movement toward 
some sectors and diverged or deflected the lines of movement from other 
sectors. Although lensing, the sands commonly are not separate lenses 
but are connected in series. The interconnection or lack of intercon- 
nection of sand lenses should be a considerable factor in guiding migra- 
tion. 
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VEGETATION AS AN INDICATOR OF 
GEOLOGIC FORMATIONS! 


ROBERT H. CUYLER? 
Austin, Texas 


ABSTRACT 


Although there are exceptions, plants are commonly found to be as indicative of 
the formation on which they grow as are the fossils in the rocks. The most important 
reason for using vegetation is that contacts between formations may be mapped at a 
distance of several miles, because a decided change in the vegetation is noticeable. 
Many examples are given. 


The method of mapping geologic structure by using vegetation as 
an indicator is increasing in importance because of the improvements 
being made in aérial photography and because of the adoption of this 
photographic method by oil companies. The vegetation that a field 
geologist may encounter in the course of a day’s work may be almost as 
indicative of the geologic formation on which it grows as the fossils in 
the rocks. Although the writer does not wish to give the impression 
that plants are better than, or as effective as, fossils in mapping struc- 
ture, in many areas they serve as indicators of the geologic formation. 
B. C. Tharp, of the department of botany, and F. L. Whitney, 
of the department of geology, of The University of Texas, have made 
observations on this subject, and the writer is grateful for the valuable 
suggestions made by them concerning the usefulness of plants in the 
correlation of geologic formations. 

A special investigation on this subject was conducted by the writer, 
and a correlation was made between the woody plant species and the 
geologic formations of the Austin Quadrangle, Texas. The complete 
results of this work will be published later. This research was con- 
ducted for the sole purpose of determining whether plants can be de- 
pended on as indices to specific geologic formations, or whether their 
occurrence is so general that they are not reliable indicators. The results 
of this investigation showed that, in general, there is ordinarily an asso- 
ciation of two or more dominant, woody or non-woody, plant species, 


"Read by title before the Association at the New Orleans meeting, March 21, 1930. 
Manuscript received, October 18, 1930. 


2Department of geology, The University of Texas. 
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with many widespread sub-dominant species, which compose the various 
plant societies and clans. The grass covering of the different formations 
is definite but generally inconspicuous, and remains almost the same; 
whereas the woody vegetation is apparently much more prominent and 
tends to change consistently with each change in geologic formation. 

The area chosen for study consists of the complete central Texas 
Cretaceous section from the Travis Peak at the base of the Comanche 
series upward through the Navarro of the Gulf series. The following 
chart shows the geologic formations studied. 


Period Series Division Formation 
Montana Navarro 
Taylor 
Gulf series 
Colorado Austin 
Eagle Ford 
Cretaceous Buda 
Washita Del Rio 
Georgetown 
Comanche 
series Edwards 
Fredericksburg Comanche Peak 
Walnut 
Trinity Glen Rose 
Travis Peak 


Because of the similarity in lithologic and geologic characteristics, 
it is somewhat difficult to separate parts of the Travis Peak formation 
from parts of the Glen Rose formation. However, a close study generally 
reveals differences in the flora. For example, the Travis Peak formation 
is commonly represented by an association of Quercus digitata (Marsh) 
Sudw. (Spanish oak), and Sabina sabinoides Small (mountain cedar). 
Although very similar in appearance to the Travis Peak formation, the 
Glen Rose formation generally supports a different type of flora; it has 
only a few Spanish oaks and an abundance of mountain cedar. This 
formation generally bears, also, a very familiar small plant, Schmaltzia 
lanceolata Small (sumac). This species, generally found in abundance 
on the Glen Rose formation, is very rare on the Travis Peak. 

The Walnut formation and the Comanche Peak are so easily recog- 
nized by their vegetation that it is scarcely possible to mistake them for 
any other formation. The Walnut formation is generally considered a 
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Fic. 1.—Typical Travis Peak vegetation. 


Fic. 2.—Cedar, sumac, and oak characteristic of Glen Rose formation. 


clay; the Comanche Peak consists chiefly of limestone. Although they 
have different lithologic characteristics, these two formations support 
almost the same vegetation. This is exceptional, inasmuch as most 
clay formations bear plants entirely different from plants on those for- 
mations which consist chiefly of limestones. Immediately on observing 
the dominance of Quercus texana Sargent (Texas oak), one would classify 
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the geologic formation as lower Fredericksburg in age, that is, either 
Walnut or Comanche Peak. If the observer were near enough to the 
outcrop to determine the lithologic character, he would immediately 
classify the formation as Walnut, if it were clay, and Comanche Peak, 
if it were limestone. If the observer were so far away that the lithologic 
character was not distinct, he would have to depend on the color of the 
foliage, if it were present. If the foliage were dark green, the formation 
represented would undoubtedly be Walnut, whereas, if the foliage were 
light green, the formation would probably be Comanche Peak. This is 
because of the differences in the soil of the two formations, the clay pro- 
ducing a rather rich soil, and the soil produced from the limestone being 
relatively poor in quality. If these two formations were represented on a 
distant hill, they might be easily recognized because of their distinctive 
massiveness and their peculiar appearance and color. The contact be- 
tween the Walnut and Glen Rose is easily recognizable because of their 
entirely different floras. It is difficult to confuse the decidedly different 
woody vegetation represented on the Comanche Peak and Edwards 
formations, and the two may be distinguished at a long distance. 

The Edwards formation, which consists chiefly of limestones, sup- 
ports an easily recognized, characteristic vegetation, different from that 
of any other formation. The woody plant species consist chiefly of 
Quercus fusiformis Sargent (mountain scrub oak), which forms dense 
thickets, known as “oak shinneries.””’ The plant seldom grows on other 
formations and never in the abundance in which it is found on the Ed- 
wards formation. A scarcity of other woody piants growing on the Ed- 
wards makes this type of oak appear more abundant than it really is. 

Near the middle of the Edwards formation, in Comal County, a 
bed of gravels and clays is found between massive limestones. This zone 
in the Edwards supports Prosopis glandulosa Torr. (mesquite), instead 
of mountain scrub oak. The occurrence of the characteristic oak, above 
and below the outcrop supporting mesquite, indicates that the formation 
is Edwards. This bed may thus be recognized for miles. From a dis- 
tance it appears as a light green band between two dark green masses. 
Farther north in central Texas, however, this stratum of soft material 
disappears and with it the mesquite, leaving only the small mountain 
live oak as characteristic of the Edwards. 

The Georgetown formation, which, in central Texas, consists chiefly 
of soft, nodular limestones, supports the mountain cedar and Schmaltzia 
trilobata Small (skunk bush), the latter easily distinguishable because it 
grows to the exclusion of almost everything else. Although a few moun- 
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Fic. 3.—Typical vegetation of Walnut formation. 


Fic. 4.—Texas oak dominant on Comanche Peak formation. 


tain cedars occur on most of the Washita formations in central Texas, only 
on the Georgetown is there such a dominance of the species. The skunk 
bush is commonly associated with this species. Both plants are easily 
recognized. 

The Del Rio formation in central Texas consists almost entirely of 
clays. As on most of the other soft formations of the Cretaceous of this 
region, the woody plants which thrive in abundance are the mesquites. 
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Fic. 5.—Oak shinnery of Edwards formation. 


Fic. 6.—Mountain cedar and sumac characteristic of Georgetown formation. 


Rarely do any other woody plants grow on the Del Rio. Inasmuch as 
this is not the only formation which supports mesquite, its own flora is 
not diagnostic and other means must be used to distinguish it. Generally 
this may be done by observing the type of vegetation which occurs on 
the formation above or below the formation being studied. The Buda, 
the formation above the Del Rio, is characterized by a dominance of 
Ulmus crassifolia Nutt (elm). Below the Del Rio, the Georgetown 
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supports, dominantly, mountain cedar. As this association of plants 
is not found elsewhere in the Cretaceous section, one has only to notice 
the vegetation above or below the Del Rio in order to distinguish it 
from all other mesquite-bearing formations. 


Fic. 7.—Del Rio formation represented by mesquite trees. 


The Buda, the highest formation in the Lower Cretaceous, con- 
sists chiefly of massive limestone. The woody vegetation supported by 
the formation is very distinctive. The most diagnostic woody plant is 
the common elm, which is so prevalent that it may be designated the 
single dominant species for the Buda limestone. This does not mean 
that elms do not occur on any other formation, but that they are asso- 
ciated more abundantly with the Buda than with any other formation, 
and that they grow more profusely on that formation than any other 
species. This vegetation is very distinctive because of the occurrence of 
mesquites on the formations immediately below and above it. Generally, 
the vegetation of the Buda forms a dark green band between the light 
green bands of the Del Rio and the Eagle Ford. 

The Eagle Ford, the lowest formation of the Upper Cretaceous of 
central Texas, consisting almost entirely of shales, is classed as one of the 
soft formations. Inasmuch as its principal plant is the mesquite, the 
Eagle Ford flora is very similar to the Del Rio or to the members of the 
Montana division, namely, Taylor and Navarro. As in the Del Rio for- 
mation, there is no definitely diagnostic plant, but, by noticing the nature 


: re 


hy 


74 ROBERT H. CUYLER 


Fic. 8.—Elm trees dominant on Buda formation. 


™ 


Fic. 9.—Vegetation characteristic of Eagle Ford formation. 


of the flora on the formations below and above the Eagle Ford, the ob- 
server is able to decide immediately that the formation represented is 
Eagle Ford. This is true because in the entire section of the Cretaceous 
in this region there is not another such succession of beds. 

The Austin formation in this region consists almost entirely of 
chalky limestone. Wherever it is encountered, there is almost invariably 


| 


VEGETATION AS INDICATOR OF FORMATIONS 75 


a dominance of large Quercus virginiana Mill (live oak). Whether the 
chalk is hard or soft, this species is generally fairly abundant and may 
be found in profusion. The occurrence of these large live oaks on the 
Austin is so characteristic that they may be reliably used in structure 
mapping. 

The Taylor formation, almost entirely marls and clays, is one of the 
soft formations supporting mesquites in abundance almost to the ex- 


Fic. 11.—Mesquite and cactus association characteristic of Taylor formation. 


, 
Fic. 10.—Large live-oak trees indicative of Austin formation. 
é 
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clusion of other woody plants. It is difficult to distinguish the Taylor 
from the other formations. For example, its lithology is almost exactly 
like that of the Navarro. Both formations are thick and, to the casual 
observer, appear almost the same. A close examination, however, 
shows that the Taylor supports very few herbaceous or woody plants, 
—fewer than the Navarro above. Up-dip from the outcrop of the 
Taylor, the abundance of live oaks indicates definitely the occurrence of 
the Austin formation. 

The Navarro, the highest formation in the Cretaceous of central 
Texas, is represented by approximately 400 feet of marls and clays. It 
may be difficult to distinguish this formation from other formations in 
contact with it, although, after close inspection, many different charac- 
ters are discernible. The vegetation of the Navarro is rarely confused 
with that of the Taylor. The Navarro formation supports several 
plants which grow in abundance and which do not occur in the generally 


Fic. 12.—Dense mesquite-cactus chaparral characteristic of Navarro formation. 


similar Taylor marl below. The following plants in association are 
characteristic of the Navarro: Prosopis glandulosa Torr. (mesquite), 
Opuntia lindheimera Engelm. (prickly pear), Condalia obovata Hook., and 
Zyzyphus obtusifolia A. Gray. This peculiar association of plants is not 
found on any other part of the Cretaceous section. If they should be 
found to occur together elsewhere, they would not be as abundant as 
they are on the Navarro formation. 
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Correlations similar to the foregoing might be made for the forma- 
tions in the Tertiary and other geologic periods. 


USE OF PLANTS TO LOCATE GEOLOGIC STRUCTURES 


It is remarkable how closely plant changes conform to contacts or 
changes in formations. For example, a few miles north of the town of 
Georgetown, Texas, a fault is parallel with a road. While riding along 
this road one day, the writer noticed an abrupt change in vegetation, 
from mountain cedars to small scrub oaks. Both seemed to grow to 
the same line and stop. The change in vegetation seemed to follow a 
straight course. Knowing that cedars alone characterized the George- 
town formation and that scrubby live oaks characterized the Edwards 
formation, the writer predicted that a fault would be found between 
these two formations. Later this proved to be the fact. 

On the Gulf Coastal plain in Texas it is ordinarily difficult to map 
structures, particularly faults in Tertiary formations where sandy 
material prevails. The writer has been able to map several faults by 
finding a single plant species, namely, Daubentonia longifolia DC. (rattle- 
bush), which grows only in very moist conditions. This plant may be 
noticed in a sandy field where the actual formation is hidden by many 
feet of alluvial material. Although there is no surface indication of the 
fault, enough water may be forced up the fault plane to cause this bush 
to thrive. There may not be any other specimens within several miles. 

The writer has been informed by reliable geologists, who have spent 
much time in West Texas, where there is much igneous material, that 
the different kinds of material in this region can be mapped by the use 
of vegetation, and that this method is especially useful around the edges 
of the uplifts where the sedimentary rocks occur. 

Through north-central Texas the Pennsylvanian-Cretaceous con- 
tact is distinctly marked by a growth of post oaks and black-jack oaks 
on the Cretaceous side of the contact. Aérial photographs show 
an almost perfect map of the contact. Several anticlines and synclines 
in Montague County, Texas, are revealed very distinctly because of 
the curves in the Pennsylvanian-Cretaceous contact. These structures 
were immediately found by noticing the curves in vegetation corres- 
ponding with the contact. 

On a small anticline in Hays County, Texas, mesquites associated 
with the Eagle Ford shale were noticed on the top of a hill. On the sides 
of the hill were live oaks belonging to the Austin chalk, which should 
have been above the Eagle Ford. The anticline represented here could 
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be noticed for a long distance because of the peculiar position of these 
plants. 
SUMMARY 


The writer has endeavored to show the usefulness of vegetation as 
an accurate means of mapping geologic formations. When a complete 
map of the Austin Quadrangle, made by mapping the different charac- 
teristic plants or associations of plants, was compared with a geologic 
map of the same region, it was found that the contacts between the 
different types of vegetation and the contacts between the corresponding 
geologic formations agreed almost exactly. The development of aérial 
photography will doubtless increase the importance of this method of 
geologic mapping, especially whenever it is necessary to produce a map 
of a large area in a limited time. Vegetation of different types appears 
on aérial photographs in different tones. The new stereoscopes made 
especially for the examination of aérial photographs show the height of the 
trees as well as the relief of the land. The writer does not believe that 
this method can be used in all parts of the country, but he is sure that 
in many places valuable results in mapping geologic structure can be 
obtained by the use of plants as indices of geologic formations. 
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GEOLOGICAL NOTES 


~ GRAPHIC SOLUTION OF STRIKE AND DIP FROM TWO 
ANGULAR COMPONENTS 


The geological note with this title on page 1211 of the Bulletin, Vol. 
13, No. 9 (September, 1929), was recently noticed. This suggested 
a somewhat simpler graphical method of determining the strike and dip 
from two or more components. 

The problem is identical with that of determining the direction and 
magnitude of any vector when its components along two different 
directions are known. The direction perpendicular to the strike and the 
magnitude of the vertical angle correspond with the direction and mag- 
nitude of a vector. 

Consider first the problem of determining an ordinary vector from 
two components. Suppose that the components are known along two di- 
rections, OA and OB, as OA’ and OB’ respectively (Fig. 1). Any vector 
originating at O and ending on a line perpendicular to OA through 
point A’ will have the component OA’. Similarly, any vector originating 
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at O and ending on a line perpendicular to OB at B’ will have the com- 
ponent OB’. The only vector which can satisfy both of these conditions 
is the one originating at O and terminating at the intersection of the two 
perpendiculars. Therefore, the desired vector is OX (Fig. 1). 

Let us apply this method to the problem given in the article 
referred to (page 1211). The observed bearings and dips, after conver- 
sion to the proper quadrant for negative angles, were S. 20° W., 3° 40’; 
and S. 60° E., 4°. Lay off the line OA in the direction S. 20° W. On 
this, scale off OA’, so that this is numerically proportional to 3° 40’, and 
erect a perpendicular. Lay off line OB in the direction S. 60° E., scale 
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off OB’, proportional to 4°, and erect a perpendicular. The intersection 
of these perpendiculars gives the vector OX, the length of which is pro- 
portional to 5° (the desired dip), and the direction is S. 24° E., giving 
the strike as N. 66° E. (Fig. 2). These values are the same as found by 
the previously described method. 

The method described here may be used easily to determine an 
average value of the dip and strike from several independent measure- 
ments of dip components. For example, suppose measurements give 
the following components: S. 51° W., 4° 20’; due south, 15° 40’; S. 41° 
E., 18° 20’; S. 66° E., 13° 40’.. From a common point (Fig. 3), lay out 
lines having the observed bearings, scale off distances proportional to 
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the observed dips, and erect perpendiculars as previously described. 
Then the intersection of any perpendicular with any other perpendicular 
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is a solution from a pair of observations. The six small dots represent 
the various solutions. The single circle is an estimate of an average 
solution. This gives the average result, OX, as a dip of 18° 30’ SE., 
strike N. 64° E. (Fig. 3). 
The only tools needed for any of these operations are a protractor 
and scale. 
L. L. NETTLETON 
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DISCUSSION 


TIME VERSUS TEMPERATURE IN PETROLEUM GENERATION: 


David White, in a recent issue of this Bulletin,? has given a concise summary 
of Maier and Zimmerly’s important work on the relation of time and temper- 
ature in the generation of bitumen. In this investigation Maier and Zimmerly 
demonstrated that, in the particular oil shale they studied, the conversion of 
the organic matter to bitumen, that is, to a form soluble in carbon tetrachloride, 
behaved as a chemical reaction of the first order; therefore, it was not solely 
dependent on temperature, but was also a function of time. This means that 
the reaction would take place at any temperature, but the lower the temper- 
ature, the longer the time. 

This is the major contribution of Maier and Zimmerly’s paper, and if 
similar work on deposits of other types shows it to be characteristic of sed- 
iments in general, it will be a great step forward in our study of the origin of 
petroleum. The further investigation of this subject now being undertaken 
by Miss Stadnichenko and David White should prove most valuable. 

The rate at which the reaction takes place at temperatures prevail- 
ing underground is of great interest to geologists. This particular phase of the 
problem did not occupy the special attention of Maier and Zimmerly in writing 
the paper; but they determined the formula for calculating the rate at any 
temperature, and in support of their observation that no organic matter was 
converted to bitumen by heating a sample for 90 days at 100° C., they men- 
tioned that it would take 8.4 X 105 years for conversion of 1 per cent of the 
organic matter at that temperature. However, the 8.4 X 10° is incorrect. 
It should be 8.4 X 104, or 84,000 years. 

The time needed for a 1 per cent conversion lengthens very rapidly as 
the temperature falls below 100° C. At 80° C., or 176° F., it would be 2,000,000 
years, and at 60° C., or 140° F., it would be 67,000,000 years. 

These calculations are based on a single investigation of an oil shale, and 
have not yet been corroborated by additional studies of other sediments; 
therefore, as pointed out by White, they are qualitative. Furthermore, the 
reaction is that of formation of bitumen, not oil or petroleum. However, 


?This paper contains preliminary results of an investigation on “The Origin and 
Environment of Source Sediments,” listed as Project 4 of the American Petroleum 
Institute research program. Financial assistance in this work has been received from 
a research fund of the American Petroleum Institute donated by John D. Rock- 
efeller. This fund is being administered by the Institute with the codperation of the 
Central Petroleum Committee of the National Research Council. 


2David White, ‘Exchange of Time for Temperature in Petroleum Generation,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 9 (September, 1930), pp. 1227-29. 


3C. G. Maier and S. R. Zimmerly, “The Chemical Dynamics of the Transfor- 
mation of the Organic Matter to Bitumen in Oil Shale,” Bull. Univ. Utah, Vol. 14, 
No. 7 (1924), pp. 62-81. 
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some of the times and temperatures of the reaction are compatible with the 
geologic conditions under which petroleum develops. Consequently, the matter 
merits careful consideration by geologists. 

In order to ascertain whether the same phenomenon was characteristic of 
modern marine muds, rich in organic matter, and presumably potential future 
source beds of petroleum, the writer analyzed several recent sediments by the 
same method. In this work he was much aided by the personal advice and 
suggestions of C. G. Maier. 

The recent deposits behaved in much the same manner as did oil shale. 
For example, a sediment from Lake Maracaibo containing approximately 5 
per cent organic matter, had about 3 per cent of its organic content converted 
to bitumen in 12 hours at 280° C.; about 9 per cent in 12 hours at 300° C.; and 
about 13 per cent in 2 hours at 339° C. Qualitatively, this is the same phe- 
nomenon reported by Maier and Zimmerly, but the data were not sufficiently 
satisfactory to determine the constants governing the rate of reaction and it 
was impossible to calculate the rate of conversion at temperatures that would 
prevail at the depth at which the sediments would probably be interred during 
generation of petroleum. 

A similar transformation seems to take place in sediments while they 
lie buried in the earth. The writer has not yet studied sufficient past deposits 
to justify a generalization, but in those he has analyzed, the bitumen content, 
that is the part soluble in carbon tetrachloride or ether, is several times greater 
than in recent sediments of comparable organic content. This indicates that 
in past deposits some of the organic matter has been converted to bitumen. 
In fact, it suggests that the formation of bitumen perhaps is an intermediate 
step in petroleum generation. 


PARKER D. TRASK 
PRINCETON, NEW JERSEY 


October 27, 1930 


PENNSYLVANIAN CLIMATES AND PALEONTOLOGY 


I was deeply interested in the paper by Albert W. Giles on “ Pennsylvanian 
Climates and Paleontology” in the October, 1930, issue of the Bulletin. At 
present I wish to remark only on the paleogeographic map of the Pennsylvanian 
on page 1289. 

Judging from many years of personal work in the Australian region, I 
should say that it is necessary to widen, very considerably, the gulfs in the 
Gondwana continent on both eastern and western flanks of the Australian 
province. Recent work particularly calls for this. The sea also occupied part 
of the eastern side of Tasmania at this time and the gulf shown in this vicinity 
should be deepened. 

Again, my own examination of Madagascar leads me to believe that the 
southern ocean may have pushed in as a bay somewhere near the southern 
extremity of the Mozambique Channel. There is also some paleontological 
evidence which tends to show a closer connection between Madagascar and 
the Indian region than with the much nearer African region,—an interesting 
question which is deserving of closer study. 
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However, these paleogeographic maps, of necessity, can be only approx- 
imate indications of these ancient distributions of land and water. More detail 
and more accuracy will come as geologists find opportunities to study more 
carefully the less known areas. 

ARTHUR WADE 


19 BASINGHALL STREET 
Lonpon, F. C. 2 
November 17, 1930 
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“Petroleum Reserves of Madagascar.” By C. P. Nicotesco. La Revue 
Pétrolifére (Paris), Nos. 388, 389, 390 (September 6, 13, and 20, 1930), 
Pp. 1225-31, 1257-62, and 1289-94. Two tables, one geologic map, and 
two figures. 


This is a summary of all previous work on the petroleum reserves of Mad- 
agascar, and of many observations made by the author during his trip in the 
petroliferous districts of Sakalave in western Madagascar. 

This review includes the following chapters: Introduction; General 
Notes; Reconnaissance of Petroleum (surface and subsurface); Origin of 
Petroleum in Madagascar (organic versus volcanic); Accumulation of Petro- 
leum (in place of origin or by migration); Age of Petroleum on the Island 
(age of reservoir rocks, source rock, and concentration); Chances of Encoun- 
tering Commercial Petroleum Resources; and Conclusions. 

The petroliferous formations on the surface are found in a belt approxi- 
mately 1,200 kilometers long and 10-20 kilometers wide, extending from Diego- 
Suarez on the north end of the island to the vicinity of Eular on the south end, 
between the crystalline mountains of Bongolava on the east and a limestone 
outcrop on the west (Fig. 1). These formations are found principally in the 
beds of Ankavandra (upper Erias) and are composed of sands and conglom- 
erates,—not of schists, as was believed prior to 1921. 

Reconnaissance for petroleum in Madagascar has been conducted with 
two purposes: to obtain petroleum on the surface from gray bituminous shales, 
and to discover underground reservoirs and produce liquid petroleum from the 
petroliferous sands. 

On the surface it is possible to exploit petroliferous shales by stripping 
operations and by underground mining, the shales yielding about roo liters 
of crude oil per ton. The volume of these formations, figured only to the depth 
of 20 meters, is estimated at several billions of tons. Considering the present 
state of these hydrocarbons, their physical and chemical characteristics, and 
those of their various fractions, and considering the methods of treatment on a 
commercial scale, including mining, transportation, and refining, it has been 
figured that the enterprise would pay provided it was organized on a solid 
financial basis. 

The petroleum underground must be reached by drilling wells. The few 
wells drilled so far gave negative results because the surface structures were 
not considered. Contrary to the opinion expressed in most of the earlier 
reports, the petroliferous formations have been affected by diastrophic move- 
ments, including folds, and include as many sands as shales and clays; in 
other words, they include the two principal conditions necessary for concen- 
tration and conservation of petroleum. There are seemingly petroleum de- 
posits at different depths, some of them of secondary origin, resulting from 
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distillation and upward migration from the underlying Permo-Carboniferous 
rocks. 

The age of the reservoir rocks is principally Permo-Triassic and Triassic; 
the age of the source rock is upper Permian; and the age of the accumulation 
of petroleum seems to be either middle Cretaceous or upper Miocene. 

The petroliferous formations of Madagascar probably contain commercial 
deposits. To open them it is necessary to: (1) survey the interior in detail, 
(2) study the outcrops of the petroliferous formations, and (3) survey the anti- 
clinal structures of the potential belt. 

The author is definitely of the opinion that the oil reserves of Madagascar 
are of great importance, and that they are of immediate commercial value. 
The delay in the recognition of the potentialities of Madagascar has been due 
entirely, according to the author, to too much theorizing and to too little 
actual detailed work by the earlier expeditions. 

B. ZAvorco 


TuLsA, OKLAHOMA 
November 20, 1930 


“The Devonian Rocks of Kentucky.”” By THomas EpmunpD SAVAGE ef al. 
Kentucky Geol. Survey, Ser. V1, Vol. 33 (Frankfort, 1930). 161 pp., 95 
photographs, 2 maps, and 3 plates. Cloth. 


Savage describes the areal distribution, the lithologic character, the 
columnar succession, the fossils, the unconformities, and the folding of De- 
vonian rocks cropping out in 29 Kentucky counties and in the Pine Mountain 
territory. The introduction is a stratigraphic summary of the Devonian in 
Kentucky. A brief regional description of the Devonian system in the con- 
tiguous outcrop areas of Ohio, Indiana, and Tennessee, including correlation 
charts, would have completed an otherwise satisfactory presentation of the 
Devonian rocks in Kentucky. 

Devonian rocks are brought to the surface in parts of central Kentucky 
by the Cincinnati arch. They are found on the east, south, and west flanks of 
the Jessamine dome. They also occur in the Cumberland Saddle province 
of south-central Kentucky, between the Jessamine dome of north-central 
Kentucky and the Nashville dome of central Tennessee. 

The stratigraphic succession and the lithologic character of the Devonian 
system are not constant throughout the state. Representatives of the upper 
and middle divisions of the Devonian section of New York state are present 
at the outcrops. Additional members enter the underground section in the 
eastern Kentucky coal basin. The upper division in Kentucky contains no 
strictly diagnostic fossils, shows no evidence of hiatus, and seems to represent 
a continuous succession of deposition during some part of Senecan (Gen- 
esee-Tully) time. This division includes the widespread New Albany shales, 
and a basal sandy, dolomitic layer, the Duffin. The New Albany section con- 
sists of hard and richly bituminous black shales, ranging in thickness on the 
outcrop from 25 to 300 feet. The section has its maximum thickness (300 feet) 
in northeast localities on the east flank of the Jessamine dome; it is thinner on 
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the west flank of the Cincinnati arch than on the east flank; and in few places 
is it more than 35 feet thick in the Cumberland Saddle exposures. This upper 
division normally rests unconformably on the Boyle limestone of the middle 
Devonian division (Erian-Hamilton), but has been found in direct contact 
with Silurian and Ordovician strata. The middle Devonian division of the 
outcropping Kentucky section consists chiefly of limestones, correlatives of 
the Erian-Hamilton and the Ulsterian-Onondaga. The maximum combined 
section does not exceed 50 feet on the outcrop. Members of the middle De- 
vonian division in Kentucky are designated as the Jeffersonville, Sellersburg, 
Silver Creek, Beechwood, Casey, and Boyle limestones. 

Underground conditions of the Devonian system are not considered in this 
volume. Shales of the New Albany section afford important supplies of natural 
gas in parts of the east Kentucky coal basin; in fact, they have revived the 
natural gas industry in that territory. The shale gas development centers 
about an area of approximately 40,000 acres in Boyd County, and a potential 
area of 960,000 contiguous acres in parts of Lawrence, Martin, Johnson, 
Floyd, Pike, Breathitt, Knott, Perry, Letcher, and Leslie counties. Areas of 
commercial natural gas production seem to be confined to the territory where 
the New Albany shales exceed 400 feet in thickness; under cover in extreme 
southeastern parts of the state, the New Albany shales have a thickness of at 
least 1,200 feet. Virgin rock pressures are normal; initial open-flow volumes 
are commonly less than 500,000 cubic feet, but there have been wells having 
open-flow volumes as great as 2,000,000 cubic feet; the wells sweat, but do 
not yield free water; drainage and accompanying reservoir-pressure decline 
may be effective for a distance of '2 mile, perhaps farther. 

Pages 163-257 are devoted to “The Midland Trail in Kentucky’ by 
Armin Kohl Lobeck. This is a physiographic and geologic guide book to U. S. 
Highway No. 60, illustrated with maps, diagrams, and photographs. Highway 
No. 60 traverses the northern parts of the state of Kentucky for 525 miles. 
It extends westward from Catlettsburg by way of Ashland, Lexington, Louis- 
ville, Henderson, and Paducah, to Cairo, Illinois. The route traverses every 
physiographic province of the state. Historical associations along the route 
are described. It is a timely contribution to a much needed series of guide 
books for the annual migrations of American automobile tourists. 

Henry A. Ley 

Tusa, OKLAHOMA 

November 16, 1930 


“Natural Gas Sands of Eastern Kentucky.” By W. R. Jittson. Kentucky 
Geol. Survey, Ser. VI (Frankfort, 1930). A chart. Size, 25 X 30 inches. 


Representative logs of sixteen gas fields in eastern Kentucky were selected. 
These logs were plotted on standard log forms by use of a color legend for ten 
types of rock penetrated by the drill. The chart assembly commences with the 
New Albany shale-gas field of Boyd County in the northeastern part of Ken- 


"Reprint of Kentucky Geol. Survey, Ser. VI, Pamphlet 22. 
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tucky and extends southwestward to the Williamsburg gas field of Whitley 
County, a short distance north of the Kentucky-Tennessee boundary. 

The chart is a subsurface correlation sheet showing the limits of the 
geologic systems involved. The position of formations and the range of the 
systems are indicated on the left of each log; the position of the natural gas 
“pays” on the right. The chart clearly shows the differences in thickness of 
the underground formations in eastern Kentucky. 

There are ten natural-gas objectives in eastern Kentucky, namely, the 
Salt sands, Maxon, Big lime, Keener, Big Injun, Weir, Berea, Brown shales, 
Corniferous, and Big Six. All yield sweet gas except parts of the Corniferous. 
The first objective occurs in the Pottsville group near the base of the Pennsyl- 
vanian system; the next six occur irregularly through the Mississippian sys- 
tem; the eighth and ninth objectives are in the Devonian; and the Big Six is in 
the Silurian. Natural gas has been encountered in Ordovician limestones, but 
not extensively at this time. Accumulation is irregular in all objectives except 
the Brown shales. Lithology is an important factor in accumulation; structure 
is generally a minor factor. This chart should find wide distribution among 
operators in eastetn Kentucky. It should be in the files of all geologists spec- 
ializing in natural gas. 

Henry A. LEy 

TuLsa, OKLAHOMA 

November 15, 1930 


Methods in Geological Surveying. By EDWARD GREENLY and Howe. Wi11- 
L1AMS. (Thomas Murby and Company, 1 Fleet Lane, London, E. C. 4, 
England; D. Van Nostrand Company, 250 Fourth Avenue, New York, 
New York, 1930.) 420 pp., 81 figs., 3 pls. Price, 17 s. 6 d. 


During the last two decades, the rapid increase in the use of geological 
surveying by those engaged in exploiting natural resources has caused a de- 
crease in the interest in official surveying. This ‘condition seems now to be 
changing as a result of the increase in the number of students graduating from 
our universities who have specialized in the various branches of geology. At 
present there is a considerable increase in the number of men who are planning 
to do official surveying. Such students will find this publication on Methods 
in Geological Surveying interesting and valuable. To a less extent those now 
engaged in geological work and those planning to enter private practice will 
benefit by study of the different methods outlined by these authors. 

The volume is very comprehensive and, in addition to outlining methods 
used by leading geologists and official geological surveys, it contains an inter- 
esting summary of the historical development of maps and map-making. Anoth- 
er feature of the publication which will be of considerable interest to those who 
expect to engage in some special line of geological work is the comprehensive 
bibliography, which includes the best and most representative publications 
on the different subjects discussed in the book. The historical part occupies 
approximately one-fifth of the entire volume and treats the subject of repre- 
senting areas by maps from its earliest development to the present time. 
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In discussing the subject of geological surveying, the authors give careful 
consideration to the instruments used in geological and topographical mapping. 
The authors’ ideas concerning the relative values of barometers and the Paulin 
precision altimeter seem questionable, but most of the descriptions of the in- 
struments and the discussions of their uses are excellent. The details of map- 
making from the making of field notes to the final construction of maps are 
very comprehensive and satisfactory. The chapter of most interest to petroleum 
geologists is ‘Calculation of the Thickness and Depth of Beds; Structure- 
Contour Maps, Isopachytes, and Geological Sections.’ Under this heading 
is included the discussion of methods of showing structures by means of geo- 
logical sections and contour maps. 

The publication is illustrated with excellent figures and plates, many of 
them taken from official publications, and each being used to illustrate a def- 
inite principle or method. 


GEORGE C. MATSON 
TuLsa, OKLAHOMA 


November 19, 1930 


“tude synthétique sur le Mésozoique mexicain.” By Cart BuRCKHARDT. 
Mémoires de la Société Paleontologique Suisse, Vols. 49-50 (Emile Birk- 
haeuser & Cie, Bale, Switzerland, 1930). 280 pp., 18 tables, and 65 figs. 


The veteran paleontologist and stratigrapher, Carl Burckhardt, to whom 
we are indebted for most of the pioneer geologic work on the Mesozoic of 
Argentina and Mexico, has in this latest volume compiled very nearly all that 
is known to date on the Mexican Mesozoic. The work is a veritable storehouse 
of information, almost encyclopedic in its scope. The author discusses com- 
prehensively the basement and other rocks upon which the basal Mesozoic 
strata rest, the paleogeography of the different Mesozoic stages, the stratig- 
raphy, the paleontology, much of the structure, and the affinities of the faunas 
with those of other parts of the world. 

The reviewer has been unable to detect more than a single important 
error. The statement is made on page 85 that the upper Jurassic is probably 
lacking at Mezquital in the valley of the Rio Blanco, on the trail between 
Aramberri and Las Virgenes, in southern Nuevo Leon near the Tamaulipas 
border. However, Lyman C. Reed, E. R. Silliman, Walt M. Small, and the 
reviewer found 1oo meters of fossiliferous Kimmeridge and Portland overlying 
the red beds and gypsum on the northwest flank of the Mezquital anticline. 
Both the lithology and the faunal content of these strata are the same as in 
the surrounding region. 

Burckhardt’s “Synthetic Study” is positively indispensable to any geol- 
ogist who works in Mexico. The author is to be very heartily congratulated 
on his success in making such an extremely important contribution to geologic 
and paleontologic science. It demonstrates a clarity in judgment and a wealth 
of experience unfortunately attained by too few geologists. 


CHARLES LAURENCE BAKER 


Houston, TEXAS 
November 19, 1930 
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Angewandte Geophysik (Applied Geophysics). By G. ANGENHEISTER. Wien 
und Harms Handbuch der Experimentalphysik, Band 25, Geophysik, 3 
Teil, Angewandte Geophysik. (Akademische Verlagsgesellschaft, Leipzig, 
1930.) 556 pp., 253 text figures, maps, and illustrations. 


The handbook comprises the following chapters. 

“The Geological Basis of Applied Geophysics,” by H. Reich. This chapter 
gives the physical properties of geologic bodies, specific gravity, elastic proper- 
ties, magnetic properties, et cetera. Pages 1-46. 

“The Gravimetric Methods of Applied Geophysics,” by Karl Jung. This 
chapter presents the theory of the torsion balance, description of the instru- 
ments, theory of the measurements, and interpretation of the measurements. 
Pages 47-208. 

“Air and Earth Seismology”: O. Meisser, air seismology; H. Martin, 
instruments and methods of earth seismology, and seismic investigation of 
the earth. Pages 209-305. 

“The Magnetic Methods of Applied Geophysics,” by H. Haalck. This in- 
cludes local disturbance of the earth’s magnetic field by the magnetism of 
rocks, theoretical relations between embedded masses and local magnetic 
anomalies, and execution and results of magnetic prospecting. Pages 306-06. 

“The Electric Methods of Applied Geophysics”: J. N. Hummel, theory 
of the electrical methods, fundamentals, direct-current methods, alternating- 
current methods, and radio-wave methods; W. Heine, practical application 
of the electric methods; J. N. Hummel, radio-activity method. Pages 400-535. 

This handbook is ably written and well printed. The reviewer was es- 
pecially interested in the chapter on his special field, work with the torsion 
balance. This is one of the best general articles on the method which has been 
written. In keeping with the series to which this handbook belongs, the phys- 
ical-mathematical theory of applied geophysics is treated much more thoroughly 
than the practical and geological application of the methods, but the treatment 
of the subject is well balanced. The German seems reasonably simple. The 
subject of higher mathematics, of course, occupies much of the book, but the 
discussion as a whole is not oppressively mathematical. This book is an ex- 
cellent text-book for the advanced student of applied geophysics and a refer- 
ence book for the practicing geophysicist. It should be in the library of every 
specialist in applied geophysics who can read German. 


DonaLp C. BARTON 
Houston, TEXAS 


November, 1930 
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CALIFORNIA 
Map of Naval Petroleum Reserve No. 1 (Elk Hills oil field). (U.S. Geol. 
Survey, Washington, D. C., 1930.) Scale, 1 inch = % mile; contour in- 
terval, 20 feet. Price, $0.10. 
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COLORADO 


Map of State of Colorado. (U.S. Geol. Survey, Washington, D. C., 1930.) 
Scale, 1 inch = 8 miles. Price, $0.25. 

“The Geology of the Golden Area, Colorado,”’ by J. Harlan Johnson. 
Colorado School of Mines Quarterly, Vol. 25, No. 3 (Golden, Colorado, July, 
1930). 33 pp., 13 figs. Bibliography. (Second edition, revised, of shorter 
paper published in 1925.) 


GENERAL 


“Flow of Oil Through Reservoir Rocks—A Summarization and Coérdina- 
tion of Available Information Concerning Factors Which Determine the Move- 
ment of Underground Fluids and Affect the Ultimate Recovery of Petroleum,” 
by Byron B. Boatright. Oi! Bulletin (Los Angeles, California, December, 
1930), PP- 1277-79, 1336. 

“Characteristics Which Determine the Value of Oil Zones,” by George 
O. Suman. Oi! Weekly (Houston, Texas, December 12, 1930), pp. 39, 42, 44, 
46, 4 figs. 

Stabilization of the Petroleum Industry, by Leonard M. Logan, Jr. (Univ. 
of Oklahoma Press, Norman, 1930.) Full of information that is enlightening 
and non-prejudiced. 248 pp., including appendix and index. Price, $2.50. 

“The Coal Fields of the United States”: ‘“‘Generai Introduction,” by 
M. R. Campbell; “Ohio,” by J. A. Bownocker. U.S. Geol. Survey Prof. Paper 
too (Supt. Documents, Washington, D. C.). 101 pp., 9 pls., 49 figs. Price, 
$0.70. 


GEOPHYSICS 


“Geodetic Operations in the United States, January 1, 1927, to December 
31, 1929.” U.S. Coast and Geodetic Survey Spec. Pub. 166 (Washington, D. C., 
1930). Free. 

“Geodetic Survey in 1929.”’ Serial 482 (Supt. Documents, Washington, 
D. C.). Price, $0.10. 

“Results of Magnetic Observations Made by the United States Coast and 
Geodetic Survey in 1929.” Serial 482 (Supt. Documents, Washington, D. C., 
1930). Price, $0.10. 

NOVA SCOTIA 

“Drilling in Nova Scotia.” U.S. Bureau of Foreign and Domestic Com- 
merce Foreign Trade Notes (Petroleum 314) (Washington, D. C., December 1, 
1930). Contains report of encouraging results in oil drilling operations at 
West Branch River, John Pictou County. 


OKLAHOMA 


“Geology and Petrology of the Wichita Mountains,” by Malvin G. 
Hoffman. Oklahoma Geol. Survey Bull. 52 (Norman, Oklahoma, October, 
1930). 83 pp., 4 figs., 2 pls. Price, $0.57. 

“‘Micropaleontology of the Wetumka, Wewoka, ana Holdenville Forma- 
tions,” by Aldred S. Warthin, Jr. Oklahoma Geol. Survey Bull. 53 (Norman, 
Oklahoma, October, 1930). 95 pp., 7 pls., 1 chart. Price, $0.57. 
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PERSIA 


“Petroleum Notes.” U. S. Bureau of Foreign and Domestic Commerce 
Foreign Trade Notes (Petroleum 314) (Washington, D. C., December 1, 1930). 
Contains report of discovery of oil deposits in the district between Kermanshah 
and Khaniquin. 

SOUTH AMERICA 


Handbuch der Klimatologie, Band II, Teil G: Klimakunde von Siidamarika, 
by K. Knoch. (Gebriider Borntraeger, Schéneberger Ufer 12a, Berlin, W. 35, 
Germany, 193°.) 349 pp., 34 maps, 7 diagrams. Price, 67 RM. 50 Pfg. 


TURKEY 


““Erdélvorkommen an den Ausfliissen des Euphrat,” by Gr. Petunnikov. 
Petrol. Zeits. (Berlin, November 5, 1930), pp. 1107-9, 6 illus. 

Petrol, by Kemal Lokman. (Ankara, Turkey, 1930.) A pamphlet on 
petroleum in which the author suggests a decided probability that Turkey may 
contain oil in commercial quantities as a prolongation of Iraq. 69 pp. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election, but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees, 
he should send it promptly to J. P. D. Hull, business manager, Box 1852, 
Tulsa, Oklahoma. (Names of sponsors are placed beneath the name of each 
nominee.) 

FOR ACTIVE MEMBERSHIP 


James Preston Bailey, Maracaibo, Venezuela, S. A. 

Carlton M. Carson, Robert P. Miller, J. O. Nomland 
_L. V. A. Fowle, London, England 

Ben B. Cox, C. F. Bowen, N. E. Baker 
Chester L. Greenwood, Los Angeles, Calif. 

E. F. Davis, John G. Burtt, M. G. Edwards 
Hans Heusser, Maracaibo, Venezuela, S. A. 

J. A. Hoekstra, H. E. Van Aubel, J. B. Burnett 
Edwin T. Hodge, Eugene, Ore. 

F. G. Tickell, E. K. Soper, William S. W. Kew 
Folke Kihlstedt, New York, N. Y. 

B. F. Hake, Theo. A. Link, E. H. Hunt 
Hugh B. Martin, Santa Barbara, Calif. 

A. A. Curtice, W. A. Comstock, W. P. Winham 
Ben F. Morgan, Corpus Christi, Tex. 

C. N. Housh, A. E. Getzendaner, W. A. Maley 
H. M. E. Schurmann, The Hague, Holland 

W. Van Holst Pellekaan, R. E. Shutt, Frank C. Greene 
James Edward Smith, Maracaibo, Venezuela, S. A. 

E. A. Ritter, H. E. Van Aubel, William H. Spice, Jr. 


FOR ASSOCIATE MEMBERSHIP 


William Frank Calohan, Houston, Tex. 

Edson S. Bastin, Carey Croneis, Gail F. Moulton 
Johann O. Haas, Ouégoa, New Caledonia 

C. R. Hoffmann, W. P. Haynes, Fred H. Kay 
Cecil V. Hagen, Beaumont, Tex. 

G. Moses Knebel, Charles E. Decker, V. E. Monnett 
Stephen Bar Jones, Calgary, Alta., Canada 

B. F. Hake, Robin Willis, J. S. Irwin 
Thomas L. Kesler, Houston, Tex. 

Paul B. Hunter, A. T. Schwennesen, P. A. Meyers 
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Kemal Lokman, Ankara, Turkey 

Djevad Eyoub, C. R. Hoffmann, J. Jung 
Rolland F. Mahoney, New York, N. Y. 

D. D. Sparks, Pedro I. Aguerrevere, V. R. Garfias 
W. John Newell, Refugio, Tex. 

J. H. Turner, Chester D. Whorton, A. I. Levorsen 
Edward H. Ogier, Los Angeles, Calif. 

F. W. Hertel, E. J. Bartosh, William S. W. Kew 
Michael J. T. Pickles, Kirkuk, Iraq 

F. E. Wellings, E. W. Shaw, W. P. Haynes 
Wilfred Richard Wiggins, Haft Kel, Via Ahwaz, Persian Gulf 

F. E. Wellings, E. W. Shaw, W. P. Haynes 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


H. H. Arnold, Jr., Tulsa, Okla. 
A. W. Lauer, J. N. Troxell, G. S. Dillé 
Paul L. Bartram, San Angelo, Tex. 
D. E. Lounsbery, Hedwig T. Kniker, Paul A. Schlosser 
William B. Berwald, Bartlesville, Okla. 
K. B. Nowels, Everett Carpenter, H. B. Hill 
R. C. Bowles, Beeville, Tex. 
A. C. Bace, D. G. Barnett, George D. Morgan 
H. M. Hunter, Calgary, Alta., Canada 
S. E. Slipper, Theo. A. Link, E. H. Hunt 
Clarence J. Knutson, Tulsa, Okla. 
Ralph E. Davis, L. L. Foley, Frank R. Clark 
Charles H. Stewart, Houston, Tex. 
W. Armstrong Price, Donald M. Davis, Albert G. Wolf 
A. W. Tiedeman, Zurich, Switzerland 
A. H. Noble, F. E. Wellings, John M. Muir 


PACIFIC SECTION ANNUAL MEETING, NOVEMBER, 1930 


The Pacific Section of the Association held its seventh annual meeting at 
the Biltmore Hotel, Los Angeles, California, November 6 and 7, 1930. M. G. 
Edwards was chairman of the program committee. A concurrent meeting of 
the Pacific Section of the Division of Paleontology and Mineralogy was held at 
the Engineers Club. Outgoing officers of the section are R. D. Reed, president, 
and H. K. Armstrong, secretary-treasurer. Officers elected for the new vear 
are: M. G. Edwards, president, Shell Oil Company, Los Angeles, and L. N. 
Waterfall, secretary-treasurer, Union Oil Company of California, Los Angeles. 

The following papers were presented on the program of the section. 


“The Geological Column of Western Washington,” by GreorGE A. MACREADY 

“Collophane from Miocene Brown Shales of California,” by E. W. GALLIHER 

“Type Localities of Tertiary Formations of California,” by H. G. ScHenck 

“Progress of Geologic Branch, California State Division of Mines,” by Oar P. 
JENKINS 
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“The San Joaquin Clay of the California Pliocene,” by W. F. BarBat and JoHN 
GALLOWAY 


“Truncation of Maricopa Sandstone Members at the Etchegoin-Maricopa Con- 
tact, Maricopa Flat,” by E. R. AtwiLt 


“Additional Notes on the Stratigraphy of the Santa Ynez Mountains,” by L. M. 
CLARK 


“The Miocene Stratigraphy and Source Sediments for Vaqueros Oil, Santa 
Barbara District,” by THomas L. BarLey 

“Petrography of Oil Shale,” by R. D. REED 

“The Problem of the Origin of the Oil Occurring in the Southeastern Portion of 
San Joaquin Valley,” by A. R. May 

“The Bacterial Genesis of Hydrocarbons from Fatty Acids,” by Lewis A. 
THAYER 


“Stratigraphic and Economic Significance of the Kreyenhagen Shale of Califor- 
nia,” by OvaF P. JENKINS 


“Considerations of the Possible Origin of Crude Oil in the Venice Field,” by H. 
W. Hoots and A. L. BLount 


“Effects of Underground Storage Conditions on the Characteristics of Petroleum,” 
by Paut W. PRutzMAN 
“Origin of Roumanian Oil,” by E. K. Soper 


The following papers were presented by the paleontologists. 


“Progress Report of Committee on Nomenclature,’ by GEORGE DOANE 

“Foraminiferal Zoning in the Monterey Shale, Vicinity of Type Locality,” by 
E. W. GALLIHER 

“Use of Diatoms in Stratigraphy,” by K. E. Lonman 


SAN ANTONIO TECHNICAL PROGRAM, MARCH 19-21, 1931 


The following preliminary list of papers will be included in the technical 
program of the Sixteenth Annual Meeting of the Association at San Antonio, 
Texas, March 19-21, 1931. Frederic H. Lahee, Box 2880, Dallas, Texas, is 
general chairman of the technical program committee. Members planning 
papers should submit titles and abstracts before February 20, for inclusion in 
the printed program. As no preprints will be made this year, authors are re- 
quested to submit three carbon copies of their manuscripts with the first 
copy in order to facilitate discussion in advance of the meeting. Manuscripts 
should be in Dr. Lahee’s hands by February 1s. 


PRELIMINARY LIST OF PAPERS 

Texas and Mexico 

“Reef Barriers and Saline Residues in Permian of Texas and New Mexico,” 
by E. Russell Lloyd 

“General Geology of Northeastern Mexico,’ by James L. Tatum 

“Kingsville Field, Kleburg County, Texas,” by Olin G. Bell 

“Geology of Texas Panhandle,” by H. E. Crum 

“Early Paleozoic Seas in Texas Region,” by E. H. Sellards 
Source Beds and Origin of Oil 

“Cretaceous Limestone as Petroleum Source Rocks in Northwestern 
Venezuela,” by Hollis D. Hedberg 

“Source of Oil in Venice Field, Los Angeles County, California,” by H. W. 
Hoots 
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“Deposition of Source Beds,” by Parker D. Trask 

““Chemical Evidence on Theories of Petroleum Origin,” by Benjamin T. 
Brooks 
Oil-Field Waters 

“Oil-Field Waters of Appalachian Region,” by Paul D. Torrey 

“Exceptional Relation of Oil and Water in Producing Zones at Refugio, 
Texas,” by R. G. Maxwell 

“‘Oil-Field Waters in Mid-Continent District,” by L. C. Case 
Geophysics 

“Belle Isle Salt Dome: A Quantitative Study with the Torsion Balance,” 
by Donald C. Barton 

“Reflection Shooting in Mid-Continent,” by E. McDermott 

“Geothermal Variations in Coalinga-Kettleman Hills Area, California,” 
by A. J. Carlson 
Miscellaneous 

“Further Data on Cap-Rock Petrography,” by L. S. Brown 

“Relation of Geosynclinal Basins to Development of Petroleum Prov- 
inces,”’ by Raymond C. Moore 

“Tioga County Gas Field in Northern Pennsylvania,” by Jack Gaddess 

“Mississippian Formation in Indiana, Illinois, and Kentucky,” by J. 
Marvin Weller 

“Physical Characteristics of Bradford and Other Typical Oil Sands of 
Pennsylvania and Their Relation to Production of Oil,’ by Charles R. Fettke 

“Present Status of Carbon-Ratio Theory,” by W. T. Thom, Jr. 

“Mount Pleasant Pool, Leaton Pool, and Vernon Township Pool, Mich- 
igan,” by George W. Pirtle and W. A. Thomas 

“Age and Structural Relationship of Areas Adjacent to Southeastern 
Colorado with Buried Mountains of Texas Panhandle,” by H. T. Morley 

“Variation of Gravity of Oil,” by Donald C. Barton 

“Petroleum Possibilities of Turkey,” by Djevad Eyoub 
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ASSOCIATION COMMITTEES 


EXECUTIVE COMMITTEE 


Stoney Powers, chairman, Box 2022, Tulsa, Oklahoma 
Marvin Les, secretary, 612-18 Brown Building, Wichita, Kansas 
J. Y. Snyper, 1211 City Bank Building, Shreveport, Louisiana 

R. D. Reep, 1110 Glendon Way, South Pasadena, California 
H. Lauer, Box 2880, Dallas, Texas 


GENERAL BUSINESS COMMITTEE 


E. DeGotyer (1931), chairman, 65 Broadway, New York, N. Y. 

ALEXANDER DevussEN (1931), vice-chairman, 1606 Post Dispatch Building, Houston, Texas 
Husert E. Bare (1931) R. F. Imsr (1931) Smney Powers (1932) 
Donatp C. Barton (1931) L. W. Kester (1931) Cuartes M. Ratu (1931) 
S. P. Borpen (1931) Freperic H. Lawee (1931) R. D. Reep (1931) 
J. P. Bowen (1932) Marvin Lee (1931 Cuas. H. Row (1931) 
RANK R, CrarK (1932) A. I. Levorsen (1931) Scott (1931) 
Victor Cotner (1932) Tueopore A. Linx (1931) . Y. Snyper (1931) 
E, F. Davis (1931) C. R. McCottom, (1932) . E. Somers (1931) 
R. E, Dickerson (1931) p W. McCoy (1931) Storm (1932) 
A. W. Duston (1931) H. D. Miser ashy A. = TROWBRIDGE (1931) 
H. B. Fuqua (1931) R. C. Moore (1931 J. M. Vetter (1931) 
S. A. Grocan (1931) Frank A. Morcan, (1931) “Wasson (1931) 


RESEARCH COMMITTEE 


Arex W. McCoy (1932), chairman, 919 East Grand Avenue, Ponca City, Okla. 
Donatp C. Barton (1933), vice-chairman, Petroleum Building, Houston, Texas 


K. C. Hearp (1931) C. R. Fetrxe (1932) 
F. H. Lauee (1931) A. I. Levorsen (1932) 
R. C. Moore (1931) Smwney Powers (1932) 
F. B. Plummer (1931) R. D. Reep (1932) 


W. C. Spooner (1932) 

W. T. Tuo, Jr. (1932) 
F. M. Van Tuyt (1932) 
W. E. WratHer (1932) 


M. K. Reap (1931) L. C. Sniwer (1932) 


REPRESENTATIVES ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


Avex W. McCoy (1931) R. C. Moore (1933) 


REPRESENTATIVES ON NATIONAL STRATIGRAPHIC NOMENCLATURE COMMITTEE 


A. I. LevorsEn, chairman, 1740 South St. Louis — Okla. 


M. G. CHENEY ARES 


METHOD OF ELECTION OF OFFICERS 
W. E. Wratuer, chairman, 4300 Overhill Drive, Dallas, Texas 
H. B. Fuqua, vice-chairman, Box 737, Fort Worth, Texas 


W. B. Heroy Frank S. Hupson 
J. V. Hower 


A. F. Criper 
R. E. Dickerson 


REVOLVING PUBLICATION FUND 
E. DeGotyer, chairman, 65 Broadway, New York, N. Y. 


RESEARCH FUND 
LutHer H. Wuite, chairman, J. A. Hull Oil Company, Tulsa, Okla. 


ASSOCIATION SEAL COMMITTEE 


R. C. Moore, chairman, University of Kansas, Lawrence, Kansas 
JoserH M. Witson 


C. A. CHENEY Haroitp W. Hoots 
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Memorial 


CASSIUS ASA FISHER 


Cassius Asa Fisher died at his home in Denver, Colorado, on November 
4, 1930, of angina pectoris, after an illness of several weeks. It is difficult to 
believe that so vigorous and forceful a man has ceased to live. 

Fisher’s life epitomizes the romance of oil geology during the past quarter 
of a century. He was born in Fremont, Nebraska, in 1872, attended public 
school and Fremont Normal School, and received his A. B. and A. M. in geology 
from the University of Nebraska in 1900. Later, in 1902, he did some graduate 
work at Yale. 

Beginning in 1896, he did field work for the United States Geological Sur- 
vey, and after graduating from the University of Nebraska he became a full- 
time member of the Survey staff. He was one of N. H. Darton’s assistants in 
Darton’s remarkable series of reconnaissance surveys in the West, and he 
later carried on similar work independently. Perhaps his best known work at 
this stage is his report on the geology and water resources of the Big Horn 
Basin, Wyoming. 

With the development of the conservation movement, Fisher was drawn 
into the coal classification work that yielded such rich results in knowledge of 
the Cretaceous and Eocene formations of the Great Plains and Rocky Moun- 
tains. He had charge of a group of parties and later became assistant chief 
of the Fuel Section and a member of the Coal Land Classification Board. In 
the latter capacity he collaborated with Veatch and Ashley in promulgating 
the method of coal land classification and valuation which forms the basis of 
the method still in use. 

The Fuel Section’s stratigraphic work led inevitably to oil geology, which 
the oil industry was beginning to recognize. Ralph Arnold left the Survey to 
engage in consulting work in California, and in 1909 Fisher resigned to enter 
partnership with Arnold, opening an office for the firm in Denver. One of his 
earliest jobs was a study of Salt Creek, where the first two Wall Creek wells 
had recently been brought in. Midwest Oil and associated companies were 
struggling valiantly to keep alive, and Fisher’s enthusiastic report was a major 
factor in securing the financing they so desperately needed. He took most of 
his pay in stock and thus passed, in hardly more than a single stride, from a 
modest Government salary to affluence. 

His Salt Creek work and his subsequent work for the Midwest group made 
him what he remained until his death, one of the best known oil geologists in the 
Rocky Mountain region. During these years the firm of Arnold and Fisher was 
dissolved and was succeeded, after a time, by the firm of Fisher and Lowrie, 
the new member of the firm being Harold W. Lowrie, Jr. The succeeding 
years were full of expanding activity, in which Fisher not only did geologic 
work in the United States, Latin America, and Europe, but also sponsored 
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many oil-development enterprises. Among its other activities the firm became 
one of the leading authorities on taxation and valuation of oil properties. 
During the past year Fisher was engaged in enterprises of major scope from 
Canada to West Texas. 

Fisher was among the pioneers in the application of geologic ability to the 
oil industry and in demonstrating the business value of technical work. His 
career was an exposition of the fact that business ability and scientific skill 
are mutually advantageous. 

Aside from his ability as a geologist, Fisher’s chief assets were his enthu- 
siasm and his personality. He had the gift of making others see his visions. 
Wherever he went he made friends and kept them. He leaves Mrs. Fisher, his 
comrade since college days; a daughter, Mrs. Eleanore Fisher Leys, rapidly 
gaining recognition as a sculptress; and two sons, Maurice H. and Robert. 

His unexpected death in the full vigor of accomplishment terminates an un- 
usual life of geologic achievement, business success, and domestic happiness. 

Max W. BALL 

DENVER, COLORADO 

November, 1930 


GEORGE STEINER 


George Steiner was born in Arad, Hungary (now Roumania) on May 26, 
1895, and was a young boy when Baron Eétvés was making his famous Arad 
survey with the torsion balance. He entered Wismar Polytechnic Institute, 
Germany, in 1912, and obtained the degree of mechanical engineer in 1919. 
He spent the years 1915 and 1916 with the Hungarian Gas Company, drilling 
for gas in Transylvania, and the years of 1917 and 1918 in the Hungarian 
army as lieutenant of engineers. During 1920 and 1921, he attended the 
University of Toulouse, France, receiving the degree of doctor in geology with 
honorable mention. In 1922 he was field chief of exploitation at Moreni, 
Roumania, for the Petrol Block. 

Dr. Steiner emigrated to the United States and started to work in petro- 
leum engineering in Texas; but, realizing the coming importance of the torsion 
balance in this country and the possibilities for the sale of the instruments, he 
returned to Hungary and obtained the American agency for the original 
Eétvés torsion balance. He returned to this country and became a very 
patriotic, naturalized American citizen. Until his death he engaged in con- 
sulting torsion-balance work and sale of the instruments, with offices in Hous- 
ton, Texas. 

In 1925, on a trip to Budapest, he married Miss Klari Zimmerman. 

Dr. Steiner became an associate member of The American Association of 
Petroleum Geologists in April, 1924, and was transferred to active membership 
in December, 1926. In addition to his doctor’s thesis on “The Natural Gas of 
Transylvania,” he wrote “Torsion-Balance Principles as Applied by the 
Original Eétvés Torsion Balance,” published in this Bulletin, Vol. 10, No. 12 
(December, 1926), pp. 1210-26. 
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Dr. Steiner was killed at Spurger, Texas, on October 8, 1930, on a trip of 
inspection to one of his field parties, when his plane crashed on the take-off. 


DonaLp C. BARTON 
Houston, TEXAS 


December, 1930 


HENRY JESSUP PACKARD 


Henry Jessup Packard died the morning of October 18, 1930, from acute 
peritonitis, which followed an emergency operation for a gangrenous appendix 
performed October 12. 

Mr. Packard was born in Palmyra, New York, in 1883. His family moved 
to California while he was young and he received his education in that state. 
He graduated from Stanford University in 1911 with the degree of A. B. in 
geology and mining. After graduation he worked as metallurgist and geologist 
with various mining companies until 1920. In this period he spent one term 
with the Caribbean Petroleum Company in Venezuela, and was for two years 
geologist on the Hetch Hetchy aqueduct project of the City of San Francisco. 
In 1920 he came to the Rocky Mountains and joined the staff of Harrison and 
Eaton, consulting geologists of Denver. He was in Montana in 1920 for The 
Midwest Refining Company interests and until 1924 was staff geologist for 
T. S. Harrison. In 1924 he joined the Mutual Oil Company as chief geologist. 
The Mutual later merged with the Continental Oil Company and the Conti- 
nental, in turn, with the Marland. Packard retained his position through these 
changes and was serving at the time of his death as assistant chief geologist, 
with headquarters in Denver. 

Packard was elected to membership in The American Association of Pe- 
troleum Geologists in 1925. He had long been a member of the American 
Institute of Mining and Metallurgical Engineers. 

Those of us who were privileged to know Packard were impressed, first, 
with his quiet and unobtrusive manner, beneath which was a keen and inquiring 
mind. He was a student of all phases of the oil industry, although his chief 
activity was in geology. He was slow to make up his mind about a man or a 
prospect but, having done so, his conclusions were well founded. He was 
essentially of a kindly nature and in an acquaintanceship of years was never 
known to make a disparaging remark about a fellow man. 

Mr. Packard is survived by his wife, Johnnie K. Packard, and daughter, 
Mary Louise. 

H. A. STEWART 

DENVER, COLORADO 

November, 1930 
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AT HOME AND ABROAD 
CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


EMPLOYMENT 


The Association maintains an employment service at headquarters under 
the supervision of the business manager. 

This service is available to members who desire new positions and to 
companies and others who desire Association members as employees. All re- 
quests and information are handled confidentially and gratuitously. 

To make this service of maximum value it is essential that members 
coéperate fully with headquarters especially concerning positions available to 
active and associate members. 


Huco Bécku has been appointed director of the Hungarian Royal Geo- 
logical Survey, with the rank of under-secretary of state. On the basis of 
torsion-balance work in Transylvania, Dr. Béckh was the first to show the 
value of the torsion balance in mapping salt domes. He has worked for the 
Anglo-Persian Oil Company in Persia and elsewhere. 


Frep J. Funk is geologist for The Ohio Oil Company at Casper, Wyoming. 


C. Max Bauer, R. 3, Box 116, Boulder, Colorado, addressed the Rocky 
Mountain Association of Petroleum Geologists, November 20, 1930, on ‘‘ Red 
Beds,—A Discussion.” 


Frep P. SHaveEs, formerly geologist for the Houston Oil Company, is now 
geologist for the South Texas division of the United Gas Corporation, with 
headquarters at Beeville. 


RayMonpD H. HAsEL7IneE, of the Sun Oil Company, Dallas, Texas, is in 
charge of diamond-drilling work for the geological department in Texas. 


Roy A. Payne is geologist for the Gulf Production Company at 735 
Milam Building, San Antonio, Texas. 


K. C. HEALD, staff geologist for The Gulf Companies, Pittsburgh, Penn- 
sylvania, has been elected a fellow of the Royal Geographic Society, London. 


T. E. Swicart, superintendent of production, Shell Oil Company, Los 
Angeles, California, presented a paper on “‘ Economic Problems of Unitization,” 
before the Chicago meeting of the A. P. I., in November. The paper is pub- 
lished in the November 20 issue of The Oil and Gas Journal, and in the Novem- 
ber 21 and 28 issues of The Oil Weekly. 


H. pe Cizanecourt has returned to Paris after a trip of five months in 
western Madagascar. Mrs. de Cizancourt accompanied him. 
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F. H. LAuweEE, third vice-president, in charge of editorial work, attended 
the annual fall meeting of the Pacific Section of the Association held at Los 
Angeles, November 6-7, 1930. 


J. J. GAttoway, of Columbia University, New York, New York, addressed 
the Tulsa Geological Society, December 1, 1930, on “‘Some Relations Between 
Diastrophism and Stratigraphy.” 


A. C. TROWBRIDGE, professor of sedimentology, University of Iowa, Iowa 
City, and director of the government dam survey along Mississippi River, 
delivered the principal address, November 28, at the nineteenth annual meeting 
of the Oklahoma Academy of Science, Tulsa, Oklahoma, November 28 and 29. 
His subject was “‘A Search for Dam Sites on the Upper Mississippi River.” 


The West Texas Geological Society held a regular meeting November 22, 
at Midland, Texas. H. P. ByBreE and C. P. ButcHer, both of San Angelo, 
gave a paper on “General Geological Features of West Texas and Southeast 
New Mexico,” and Mr. Butcher gave a paper on “ Notes on the Gas Reserves 
of Southeast New Mexico.” 


A. A. HAMMER is connected with the Minnesota Northern Power Com- 
pany. His address is 2526 First Avenue North, Great Falls, Montana. 


Harry L. Batpwin, Jr., formerly district geologist -for the Independent 
Oil and Gas Company at Oklahoma City, is now with WILLIAM H. ATKInson, 
701 Continental Building, Oklahoma City, Oklahoma. 


FREDERICK G. CLAPP, consulting geologist, 50 Church Street, New York, 
New York, spoke on the oil fields of Persia, before a meeting of the San Antonio 
Section of the Association, December 1. 


Burr McWuirt, valuation engineer in the geological department of the 
Shell Petroleum Corporation, has been transferred from the Tulsa office to the 
office of the Gulf Coast division at Houston, Texas. 


The North Texas Geological Society, Wichita Falls, Texas, has elected the 
following officers for the coming year: president, WiLt1aAM J. No.re, Dixie 
Oil Company; vice-president, H. F. Smrtey, Deep Oil Development Company; 
secretary-treasurer, VIRGIL PETTIGREW, Humble Oil and Refining Company. 


A. BEEBY THoMpsoN, petroleum engineer, 18 St. Swithins Lane, London, 
E. C. 4, England, was in Los Angeles on business in November. 


H. M. E. ScuurMAnNn, chief geologist for the Bataafsche Petroleum 
Maatschappij, The Hague, Holland, attended the meeting of the American 
Petroleum Institute in Chicago last November, and also visited the oil fields 
of the Mid-Continent. 


Dyevap Eyous, who is back in the United States after a year’s stay in 
the Near East, where he examined the oil possibilities of the Turkish Republic 
for that government, plans to be occupied in northern Mexico until the spring, 
when he will return to Turkey. His address is 302 Furr Drive, San Antonio, 
Texas. 
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R. E. Grre, formerly with the Independent Oil and Gas Company, at 
Tulsa, Oklahoma, is now employed by the Superior Oil Company of California, 
at San Angelo, Texas. 


F. W. LAKE has been promoted from production superintendent to general 
superintendent of the southern division of the Union Oil Company, at Santa 
Fe Springs, California. 


Noet Evans, of Guthrie, Oklahoma, presented a paper on “Permian 
Stratigraphy of Northwestern Oklahoma,” before a meeting of the Tulsa 
Geological Society on December 15, 1930. 


Mining in California, the quarterly report of the state mineralogist, is now 
devoting a chapter to the activities of the Geologic Branch. OLar P. JENKINS 
is chief geologist. 


W. E. WRaTHER, 4300 Overhill Drive, Dallas, Texas, presented an illus- 
trated lecture on “A Trip Through the Alps” before the Dallas Petroleum 
Geologists, on December 19, 1930. The lecture dealt with some of the general 
geology and geography of Switzerland and Italy. 


Ricuarp E. Kocu, of the geological department of the Caribbean Pe- 
troleum Company, Maracaibo, Venezuela, left Maracaibo in January for a 
vacation to be spent chiefly in Switzerland. His address will be 9, Hegen- 
heimerstrasse, Basel, Switzerland. 


Recent speakers before the Geological Society of Northwestern University, 
Evanston, Illinois, and the titles of their addresses are: G. R. MANSFIELD, 
of the U. S. Geological Survey, “‘New Discoveries in Geologic Structure”’; 
Davip Waite, U. S. National Museum and Geological Survey, “‘Stratigraphic 
Problems of the Permo-Carboniferous”; MARGARET FULLER Boos, U. S. Na- 
tional Park Service, “‘ Geology of the Bryce Canyon Region”; Eart A. TRAGER, 
Skelly Oil Company, Tulsa, Oklahoma, “Subsurface Correlation in the Mid- 
Continent Field”; G. F. Loucien, U. S. Geological Survey, “What Is an 
Economic Geologist?’’; DoucLtas W. JoHNson, Columbia University, New 
York City, “Significance of the Low Shore Terraces”; and Kinc HuMBERT, 
University of Chicago and Columbia University, “‘Isostasy.” 


T. S. Harrison, formerly of Denver, Colorado, and Jack M. SICKLER 
have offices in the Pacific Mutual Building, Los Angeles, California. 


J. H. NEttmarkK is working for the Darby Oil Company in West Texas. 


The Kansas Geological Society, Wichita, Kansas, met December 6 and 
elected the following officers for the ensuing vear: president, WALTER W. 
LARSH; vice-president, EVERETT A. WYMAN, Amerada Petroleum Corporation; 
and secretary-treasurer, PAuL A. WHITNEY, Mid-Continent Petroleum Cor- 
poration. 


The Tulsa Geological Society, at a regular January meeting, elected the 
following officers for the coming year: president, R. S. KNappEN, Gypsy Oil 
Company; first vice-president, F. A. Busu, Sinclair Oil and Gas Company; 
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second vice-president, C. L. SEvEry, 816 Kennedy Building; secretary-treas- 
urer, RONALD J. CULLEN, Twin State Oil Company; and a council consisting 
of Harry F. Wricut, Box 1993, LUTHER E. KENNEDY, Douglas Oil Company, 
and H. E. Rorurock, Superior Oil Corporation. 


The West Texas Geological Society held its regular monthly meeting on 
December 13, 1930, at San Angelo, Texas. JoHN Emery Apams, of The Cal- 
ifornia Company, Midland, presented a paper on “‘ Anhydrite Inclusions in the 
Big Lime in the West Texas Permian Basin.”’ The following officers were 
elected for 1931: president, R. L. CANNon, of Cannon and Cannon, San 
Angelo; vice-president, JoHn EMery ApAms; and secretary-treasurer, H. A. 
HeEmpuILt, University of Texas Land Survey, San Angelo. 


Dona.p K. Mackay, petroleum geologist, has returned to Pampa, Texas, 
from work in western Kansas. Mr. Mackay has offices at 305 Rose Building, 
Pampa. 


NELSON T. Porrer is geologist for the Empire Gas and Fuel Company at 
Chickasha, Oklahoma. 


ANDREW GILMourR, geophysicist for the Geophysical Research Corporation, 
Tulsa, has recently returned from a visit to his former home in north Ireland. 


WALTER C. MENDENHALL was appointed, December 22, 1930, acting 
director of the U. S. Geological Survey. 


M. G. CHENEY, of Coleman, Texas, represented the Committee on Strati- 
graphic Nomenclature at the Toronto meeting of the Geological Society of 
America, in December. 


M. C. IsraEetsky, of Shreveport, Louisiana, is paleontologist for the 
United Production Corporation. 


E. Russet Lioyp has opened an office as consulting geologist in Midland, 
Texas. 


A. I. LEvorsEn, formerly chief geologist of the Independent Oil and Gas 
Company, Tulsa, is now engaged in consulting work at Tulsa. 


RoseErt J. Riccs, chief geologist of the Indian Territory Illuminating Oil 
Company of Bartlesville, Oklahoma, was in Mexico on business last December. 


B. H. HARLTON, micropaleontologist for the Amerada Petroleum Cor- 
poration, Tulsa, Oklahoma, is studying the origin of odlites, and would appre- 
ciate references and data on this subject. 


E. A. STILLER, of the Arkansas Natural Gas Company, Shreveport, Louis- 
iana, is head of the land department. 


Sam H. Woops, geologist for the Twin State Oil Company, has been trans- 
ferred from Ardmore to Tulsa, Oklahoma. 


J. Etmer Tuomas, of Fort Worth, Texas, returned from an extensive trip 
through Europe to spend Christmas at home. 


» 

: 
! 


AT HOME AND ABROAD III 


SmwnEY Powers, of the Amerada Petroleum Corporation, Tulsa, Okla- 
homa, was elected a councilor of the Geological Society of America, at the 
Toronto meeting of that society in December. 


EUGENE STEBINGER, in charge of the geological work of the Standard Oil 
Company of New Jersey in Argentina, has returned to Buenos Aires after a 
trip through the United States with C. F. Bowen, chief geologist, of New York 
City. 


OutveR B. Hopkins, chief geologist of the Imperial Oil Company, of 
Toronto, Canada, is making his annual inspection trip of the properties of the 
International Petroleum Company in Colombia and Peru. 


J. J. GALLoway, consulting micropaleontologist, has returned to Columbia 
University, New York City, after spending several months in Tulsa. 


Roy A. REYNOLDs, consulting geologist of Fort Worth, Texas, will return 
in March from a professional trip to Europe. 


D. F. ALLEN is doing consulting work at San Angelo, Texas. 


E. DEGOLYER. 65 Broadway, New York, N. Y., presented a paper at the 
Toronto meeting of the Geological Society of America, in December, entitled 
“Geophysics, A New Tool for the Geologist.”’ 


L. V. A. Fow Le, geologist for the Iraq Petroleum Company, London, has 
been making an inspection tour of the oil fields of North America. 


M. Taytor briefly describes the Grand Saline salt dome in an article en- 
titled “Shaft Sinking at Texas Salt Mine” in Mining and Metallurgy for De- 
cember, 1930. Shafts are now being sunk at Hockley salt dome, near Houston, 
Texas, and at Winnfield salt dome, near Winnfield, Louisiana. 


GrEorGE Oris Situ has been appointed chairman of the Federal Power 
Commission. 


Frep P. SHAyYEs has resigned from the Houston Oil Company and is now 
division geologist for the United Production Corporation, with headquarters 
at Beeville, Texas. 


| 
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GEO. C. MATSON 
GEOLOGIST 


PHILCADE BUILDING TULSA, OKLA. 


G. JEFFREYS 
CONSULTING GEOLOGIST 
PHONE JOHN 2584 


80 MAIDEN LANE NEW YORK 


DABNEY E. PETTY 


CHIEF GEOLOGIST 
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ANALYSES OF BRINES, GAS, MINERALS, 
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REPORTS 
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GEOLOGIST AND GEOPHYSICIST 
SPECIALIST ON 
GULF COAST SALT-DOME AREA 
EOTVOS TORSION BALANCE IN 
DOMESTIC OR FOREIGN WORK 


PETROLEUM BUILDING 
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PHILLIP MAVERICK 
PETROLEUM GEOLOGIST 
WESTERN RESERVE LIFE BLDG. 


SAN ANGELO TEXAS 


JOHN L. RICH 


GEOLOGIST 
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GEOLOGIST 
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BROKAW, DIXON, GARNER 
& McKEE 
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EXAMINATIONS, REPORTS, APPRAISALS 
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120 BROADWAY NEW YORK 


ARTHUR L. HAWKINS 
CONSULTING GEOLOGIST 


FOREIGN AND DOMESTIC EXPLORATIONS, 
EXAMINATIONS, AND APPRAISALS 
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W. E. WRATHER 
PETROLEUM GEOLOGIST 
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MEXICO AND SOUTH AMERICA 


APARTADO 241 TAMPICO 


WALTER STALDER 


PETROLEUM GEOLOGIST 
925 CROCKER BUILDING 
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L. A. MYLIUS 


PETROLEUM ENGINEER 


1711 EXCHANGE NATIONAL 
BANK BUILDING TULSA, OKLAHOMA 


BASIL B. ZAVOICO 
CONSULTING GEOLOGIST AND 
PETROLEUM ENGINEER 


501 PHILTOWER BUILDING 
TULSA, OKLAHOMA 


NEW YORK OFFICE 
11 BROADWAY 
PHONE: 4208 BOWLING GREEN 


FRED H. KAY 


PAN-AMERICAN PETROLEUM AND 
TRANSPORT COMPANY 


122 E. 42ND STREET NEW YORK 


J. S. HUDNALL G. W. PIRTLE 


HUDNALL & PIRTLE 
GEOLOGISTS 


641 MILAM BUILDING SAN ANTONIO, TEXAS 


JOHN HOWARD SAMUELL 


CONSULTING GEOLOGIST AND 
PETROLEUM ENGINEER 


1025-28 NEW MAJESTIC BUILDING 
SAN ANTONIO, TEXAS 


FIELD HEADQUARTERS 
COLEMAN, TEXAS 


H. B. GOODRICH 


PETROLEUM GEOLOGIST AND ENGINEER 


1628 SOUTH CINCINNATI AVENUE 
TELEPHONE 2-8228 


TULSA OKLAHOMA 


CHARLES T. LUPTON 


CONSULTING 
GEOLOGIST 


FIRST NATIONAL BANK BUILDING 
DENVER, COLORADO 


LOS ANGELES 


J. E. EATON 
CONSULTING GEOLOGIST 


FOREIGN AND DOMESTIC FIELD PARTIES 


628 PETROLEUM SECURITIES BUILDING 


CALIFORNIA 
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J. P. SCHUMACHER W. G. SAVILLE 
R. Y. PAGAN A. C. PAGAN 


TORSION BALANCE 


EXPLORATION CO. 


TORSION BALANCE SURVEYS 


PHONE: PRESTON 7315 
730-32 POST DISPATCH BUILDING 


HOUSTON TEXAS 


CARROLL H. WEGEMANN 
CHIEF GEOLOGIST 


PAN-AMERICAN PETROLEUM AND 
TRANSPORT COMPANY 


122 EAST 42ND STREET 


NEW YORK 


DIRECTORY OF 
GEOLOGICAL SOCIETIES 


FOR THE INFORMATION OF GEOLOGISTS VISITING 
LOCAL GROUPS. FOR SPACE, APPLY TO THE BUSI- 
NESS MANAGER, BOX 1852, TULSA, OKLAHOMA 


PANHANDLE 
GEOLOGICAL SOCIETY 
AMARILLO, TEXAS 


PRESIDENT - - VICTOR COTNER 
COLUMBIAN CARBON COMPANY 


FIRST VICE-PRESIDENT JAMES D. THOMPSON, JR. 
ROOM 3, AMARILLO NATIONAL BANK BUILDING 


SECOND VICE-PRESIDENT - ~ J. V. TERRELL 
GULF PRODUCTION COMPANY 


SECRETARY-TREASURER - WILLIAM B. HOOVER 
HUMBLE OIL AND REFINING COMPANY 


MEETINGS: FIRST AND THIRD FRIDAY NOONS, EACH 
MONTH. PLACE: LONG HORN ROOM, AMARILLO HOTEL 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


PRESIDENT - - - - WILLIAM J. NOLTE 
DIXIE OIL COMPANY 


VICE-PRESIDENT - - - - H.F. SMILEY 
DEEP OIL DEVELOPMENT COMPANY 


SECRETARY-TREASURER VIRGIL PETTIGREW 
HUMBLE OIL AND REFINING COMPANY 


MEETINGS: SECOND FRIDAY, EACH MONTH, AT 6:30 P.M. 
LUNCHEONS: FOURTH FRIDAY, EACH MONTH, AT 12:15 P.M. 
PLACE: WICHITA CLUB, NATIONAL BUILDING 


TULSA 
GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 


PRESIDENT - - - - R. S. KNAPPEN 
GYPSY OIL COMPANY 
1ST VicE-PRESIDENT - - - - F. A. BUSH 
SINCLAIR OIL AND GAS COMPANY 
2ND VICE-PRESIDENT ~~ - - c. L. SEVERY 
816 KENNEDY BUILDING 
SECRETARY-TREASURER - RONALD J. CULLEN 
TWIN STATE OIL COMPANY 


MEETINGS: FIRST AND THIRD MONDAYS, EACH MONTH, 
FROM OCTOBER TO MAY, INCLUSIVE, AT 8:00 P. M., 
FOURTH FLOOR, TULSA BUILDING. LUNCHEONS: EVERY 
THURSDAY, FOURTH FLOOR, TULSA BUILDING. 


KANSAS 
GEOLOGICAL SOCIETY 


WICHITA, KANSAS 


PRESIDENT WALTER A. LARSH 
413 FIRST NATIONAL BANK BUILDING 
VICE-PRESIDENT - EVERETT A. WYMAN 
AMERADA PETROLEUM CORPORATION 
SECRETARY-TREASURER - PAUL G. WHITNEY 
MID-CONTINENT PETROLEUM CORPORATION 


REGULAR MEETINGS, 12:30 P. M., AT INNES TEA ROOM, 
THE FIRST SATURDAY OF EACH MONTH. VISITING 
GEOLOGISTS ARE WELCOME. 


THE KANSAS GEOLOGICAL SOCIETY SPONSORS THE 
WELL LOG BUREAU WHICH IS LOCATED AT 412 UNION 
NATIONAL BANK BUILDING. 
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THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, LOUISIANA 


PRESIDENT - - - - S. C. STATHERS 
STANDARD OIL COMPANY 
BOx 1739 
VICE-PRESIDENT - - c. L. MOODY 


OHIO OIL COMPANY 
GIDDENS-LANE BUILDING 


SECRETARY-TREASURER - G. W. SCHNEIDER 
THE TEXAS COMPANY 
BOX 1737 


MEETS THE FIRST FRIDAY OF EVERY MONTH, ROOM 
605 SLATTERY BUILDING. LUNCHEON EVERY MONDAY 
NOON, WASHINGTON HOTEL. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


PRESIDENT - - - - J. BRIAN EBY 
SHELL PETROLEUM CORPORATION 


VICE-PRESIDENT - ALVA CHRISTINE ELLISOR 
HUMBLE OIL AND REFINING COMPANY 


SECRETARY-TREASURER - JOHN F. WEINZIERL 
PETROLEUM BUILDING 


REGULAR MEETINGS, EVERY TUESDAY AT NOON (12:15) 
AT THE UNIVERSITY CLUB. FREQUENT SPECIAL MEETINGS 
CALLED BY THE EXECUTIVE COMMITTEE. FOR ANY 
PARTICULARS PERTAINING TO MEETINGS CALL THE 
SECRETARY. 


DALLAS 
PETROLEUM GEOLOGISTS 
DALLAS, TEXAS 


CHAIRMAN - - - - R. B. WHITEHEAD 
ATLANTIC OIL PRODUCING COMPANY 
VICE-CHAIRMAN - G. B. MOODY 

THE CALIFORNIA COMPANY 
SECRETARY-TREASURER - - SAM M. ARONSON 
ATLANTIC OIL PRODUCING COMPANY 


MEETINGS: LUNCHEON AT 12:15, BAKER HOTEL, SECOND 
MONDAY OF EACH MONTH. TECHNICAL MEETINGS, 7:45 
P. M., HYER HALL, SOUTHERN METHODIST UNIVERSITY, 
LAST MONDAY OF EACH MONTH. VISITING GEOLOGISTS 
ARE WELCOME AT THE MEETINGS. 


WEST TEXAS GEOLOGICAL 
SOCIETY 
SAN ANGELO, TEXAS 
PRESIDENT - R. L. CANNON 
CANNON AND CANNON, SAN ANGELO 
VICE-PRESIDENT JOHN EMERY ADAMS 
THE CALIFORNIA COMPANY, MIDLAND 
SECRETARY-TREASURER = - H. A. HEMPHILL 
UNIVERSITY OF TEXAS LAND SURVEY, SAN ANGELO 
MEETINGS: FIRST SATURDAY, EACH MONTH, AT 7:30 


P. M., ST. ANGELUS HOTEL. LUNCHEON: THIRD 
SATURDAY EACH MONTH AT 12:15. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 
PRESIDENT - - - CLIFFORD W. BYRON 
STATE NATIONAL BANK BUILDING 
VICE-PRESIDENT - - - S. W. HOLMES 
EMPIRE OIL AND REFINING COMPANY 


SECRETARY-TREASURER - GRAYDON LAUGHBAUM 
SINCLAIR OIL. AND GAS COMPANY 
MEETS THE FOURTH MONDAY NIGHT OF EACH MONTH 


AT 7:00 P. M., AT THE ALDRIDGE HOTEL. VISITING 
GEOLOGISTS WELCOME. 


ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM 


GEOLOGISTS 
DENVER, COLORADO 


PRESIDENT - - 7 J. HARLAN JOHNSON 
COLORADO SCHOOL OF MINES 
GOLDEN, COLORADO 
VICE-PRESIDENT - JUNIUS HENDERSON 
CURATOR OF THE MUSEUM 
BOULDER, COLORADO 
VICE-PRESIDENT - - - c. E. DOBBIN 
212 CUSTOM HOUSE, DENVER, COLORADO 
SECRETARY-TREASURER ~ W. A. WALDSCHMIDT 
MIDWEST REFINING COMPANY, DENVER, COLORADO 
LUNCHEON MEETINGS, FIRST AND THIRD THURSDAYS OF 
EACH MONTH, 12:15 P. M. AUDITORIUM HOTEL. 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 


PRESIDENT - - - CHARLES E. YAGER 


TEXAS PACIFIC COAL AND OIL COMPANY 


VICE-PRESIDENT W. W. PATRICK 


THE TEXAS COMPANY 


SECRETARY-TREASURER - - M. F. BOHART 


THE PURE OIL. COMPANY 


MEETINGS: EVERY MONDAY NOON AT THE TEXAS HOTEL 


OKLAHOMA CITY 


GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


PRESIDENT - - - - R. M. WHITESIDE 
SHELL PETROLEUM CORPORATION 
VICE-PRESIDENT - - - G. C. MADDOX 

CARTER OIL COMPANY 
SECRETARY-TREASURER - - A. H. RICHARDS 
RAMSEY PETROLEUM CORPORATION 
RECORDING SEc’y - HARRY LEE CROCKETT, Jr. 
ROGERS BROTHERS 


MEETINGS: SECOND MONDAY, EACH MONTH, AT 7:30 
P. M., 9TH FLOOR COMMERCE EXCHANGE BUILDING. 
LUNCHEONS: EVERY SATURDAY AT 12:15 P. M., 9TH 
FLOOR, COMMERCE EXCHANGE BUILDING. 

VISITING GEOLOGISTS ARE WELCOME TO ALL MEETINGS. 
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SPECIAL OFFER 


A Valuable 
Booklet Free 


A 56-page booklet written by L. Spraragen, 
giving a complete Magnetometer Survey of 
Oklahoma, Kansas, Texas, Louisiana, Arkan- 
sas, Mississippi, Alabama, and Lea County, 
New Mexico; contains 150 illustrations con- 
sisting of maps, profiles, and contours, giving 
detailed information on every section cov- 
ered, supplemented by comprehensive geol- 
ogical data. 


Place Your Order TODAY 


Supply is limited. When edition is exhausted, no more 
will be available. 


Please fill in the coupon below and mail it to us. 
Upon receipt of it we will enter you as a subscriber 
and will mail the Magnetometer Booklet to you. 


Che Or ana GAS JOURNAL 


TULSA, OKLA. 


Send me The Oil and Gas Journal for one year. Upon receipt of 
invoice | will remit $6.00. Send me FREE the Magnetometer Survey. 
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Sullivan Drills 
now making 
25-in. holes 


Oil men all over the world look with keen 
interest at the big holes now being drilled with 


Sullivan Core Drills. Their ability to make 
25-inch holes lends new significance to all the 
economies of core drilling. 


One of these holes was started recently in 
New Zealand. It was spudded in with a 25-inch 
bit. Twenty-two days later 303 feet of 21%- 
inch casing was cemented through difficult 
agglomerates. Two months and nine days later, 
16-inch casing was cemented at 1956 feet. 


There are two important reasons why oil men 
would rather drill the wildcat with a Sullivan 
Drill. 


(1) A hole drilled with a Sullivan can always 
be carried two strings of casing farther than 
the same hole drilled with other equipment. 
This is due to the ability of the Diamond Drill 
to work through smaller casing. 


(2) If the driller knows in advance how far 
he is going to drill, he can start with a smaller 


hole by using a Sullivan Drill, greatly reducing 
the cost of the hole. 


Catalog on Request 


SULLIVAN CORE DRILLS 


MACHINERY COMPANY 
412 North Michigan Avenue 
CHICAGO 


GEO. E. FAILING, Agent for Oklahoma and Kansas 
Enid - Wichita 


New York St. Louis Enid 
San Francisco Spokane 


Dallas Denver 
London 


Announcing 
THE GEOLOGY OF 
VENEZUELA AND TRINIDAD 
By 
Ralph Alexander Liddle 


A Systematic Treatise on 
the physiography, stratigraphy, general 
structure, and economic geology of the 
United States of Venezuela and the British 
Island of Trinidad. The first comprehensive 
work on the geology of Venezuela. 


xxxix -+552 pages, 6 by 9 inches, 169 half- 
tones and 24 sections and maps. 


Formations from Archeozoic to Recent are named, 
described, correlated, and mapped. All important 
mineral deposits are discussed. Special reference is 
made to producing oil fields. Their location, general 
structure, depth to and character of producing sands, 
gery of oil, and amount of production are given. 
e book is designed to be of especial assistance to 
petroleum geologists and oil operators as well as to 
those interested in the more academic side of strati- 
raphy, structure, and paleontology. Contains a 
ibliography of all important geologic works on Ven- 
ezuela and Trinidad. Bound in cloth; gold title. 


PRICE, POSTPAID, $7.50 
Order from J. P. MacGowan 


Box 1007 Fort Worth, Texas 


The Annotated 


Bibliography of Economic Geology 
Vol. Ill, No. 1 


is now being mailed 


Orders are now being taken for the entire 
volume at $5.00 or for individual numbers 
at $3.00 each. Volumes I and II can still be 
obtained at $5.00 each. 

The number of entries in Vol. I is 1756. 
Vol. II contains 2480. Vol. III will contain 
2400. If you wish future numbers sent you 
promptly, kindly give us a continuing order. 


Economic Geology Publishing Co. 
Urbana, Illinois, U. S. A. 


Dear Sirs: 

Please send Vol. I, Vol. II, Vol. III, etc. of 
the Annotated Bibliography of Economic 
Geology to me at the following address. 


therefor. 
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Well 


AAAAWE cary in 
stock, ready for immediate 
delivery, six different well 
logs printed on either heavy 
ledger paper or government 
post card stock, in depths 
ranging from 3,000 to 5,100 
feet. A Prices and samples 
of these logs sent on request. 


MID-WEST PRINTING CO. 
BOX 1465 ¥ TULSA, OKLA. 
PRINTERS OF THE A.A.P.G. BULLETIN 


LEADERSHIP 


PETROLEUM GEOLOGISTS 


SPENCER srocurar 
MICROSCOPES Nos. 55 and 56 
with Multiple Nosepiece 


A new, original, patented objective changer which carries three 
pairs of low power objectives and revolves like an ordinary nose- 
piece. The objectives may be removed instantly and others 
substituted. 

The objectives on the nosepiece are dust proof and the 
worker can easily get to them to clean them. 


NEW—ORIGINAL—BETTER 
New Catalog M-35 features it 


Form No. 265 
(Reduced Size) 


MBA 


“BUFFALO. NS 


lasses ce YORK, CHICAGO, SAN FRANCISCO, BOSTON, WASHINGTON, MINNEAPOLIS, LOS ANGELES. 
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JOURNAL OF PALEONTOLOGY 


| A publication devoted to scientific papers on paleontology and sedimentary petrography 
with special reference to new researches in micro-paleontology and descriptions of fossils 
important for the identification and correlation of oil-field formations. 

Published four times a year by the Society of Economic Paleontologists and Mineralo- 
gists, a Division of The American Association of Petroleum Geologists. 


} Raymonp C. Moore, Editor 
University of Kansas, Lawrence, Kansas 


Volume IV now in press. Volume III contains 436 pages, 44 plates of fossils, numerous 
text figures, and diagrams. 

The Journal of Paleontology is a helpful handbook to the student of paleontology and a 
necessary addition to every scientific library. 

Subscription price, or Society dues including subscription, is $6.00 per year ($2.00 for 
single numbers). Members or associate members of The American Association of Petroleum 
Geologists in good standing who are engaged in stratigraphic studies as applied to petroleum 
geology are eligible for membership in the Society. A remission of $2.00 is made on the dues 
of such members, thus permitting them to secure the Journal for $4.00 in addition to Asso- 
ciation dues. Paleontologists and stratigraphers who are not members of the Association are 
eligible for associate membership in the Society. The dues, including subscription to the 
Journal, are $6.00 per year for associate members. 


f Address all communications regarding subscriptions to Gayle Scott, secretary-treasurer, Texas 
Christian University, Fort Worth, Texas. 


Back numbers, as far as they are in stock, for sale at Association Headquarters, A. A. 
| P. G., Box 1852, Tulsa, Oklahoma. 


Verlag von Gebrider Borntraeger in Berlin W 35 (Deutschland) 


Lehrbuch der Geophysik herausgegeben von Prof. Dr. B. Gutenberg. Mit 412 
Abbildungen im Text u. 2 Tafeln (XX u. 999 S.) 1929 Gebunden 80 RM 


) “ an d b uc h d er G e0 p h ys j k herausgegeben in Verbindung mit zahlreichen Mitarbeitern 
von Prof. Dr. B. Gutenberg. 


: Band 4, Lieferung 1-2: Theorie der Erdbebenwellen; Beobachtungen; Bodenunruhe 
| von Prof. Dr. B. Gutenberg.—Seismometer, Auswertung der 
Diagramme von Dr. Berlage.—Geologie der Erdbeben von Reg.- 

Rat Prof. Sieberg. Mit 401 Abb. (685 S.) 1929-30. Einzelpreis (bei 
Bezug von Band 4). Geheftet 70 RM 
Subskriptionspreis (bei Bezug des ganzen Werkes) Geheftet 52 RM 


Sammlung geophysikalischer Schriften von Professor Dr. Carl Mainka 


Heft 9: Einfiihrung in die atmosphidrische Elektrizitat von Prof. Dr. K. Kahler. 
Mit 16 Figuren (VIII und 244 Seiten) 1929. Subskriptionspreis geh. 17.60, Einzel- 
preis 23.40 RM 

Heft 10: Die gravimetrischen Verfahren der angewandten Geophysik von Prof. Dr. 

| Hans Haalck. Mit 84 Textfiguren (VIII und 205 S.) 1930. Subskriptionspreis 

geh. 16.80 RM Einzelpreis 22.40 RM 

Der Subskriptionspreis versteht sich nur bei Abnahme der ganzen Sammlung. 


Ausfihrliche Verlagsverzeichnisse kostenfrei 
(Detailed list of publications will be sent free) 
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PETTY GEOPHYSICAL ENGINEERING COMPANY, INC. 
706 Travis Building San Antonio, Texas 


Experienced seismograph crews available for consulting work. Only latest equipment and 
methods used. 

Geophysical departments established for oil compar ies. Complete seismograph, radio, and 
blasting equipment carried in stock, sold only in connecticn with establishing department. 


LIETZ ALIDADES Base Maps ror GEOLOGICAL COMPILATIONS AND REPORTS ers svn 


Our Service Texas, Kansas, New Mexico, Arkansas, 
siana, Colorado, Wyoming, and Montana 


319 South Boston Ave. TULSA, OKLAHOMA P. O. Box 1773, PHONE 5-2286 


FIELD STATIONERY COMPANY 
Complete Office Outfitters 
612 South Main TULSA Phone 3-0161 


TRIANGLE BLUE PRINT & SUPPLY COMPANY 


COMMERCIAL BLUE PRINTING ENGINEERING, DRAFTING & 
PHOTOSTATING & OIL FIELD MAPS ARTIST SUPPLIES 
Mid-Continent Representatives for Spencer, Bausch & Lomb, and Leitz Microscopes and Accessories 
12 West Fourth St. * Phone 9088 Tulsa, Okla. 


NATIONAL PETROLEUM ENGINEERING COMPANY 
Engineers and Geologists 


TULSA, OKLAHOMA 


APPRAISALS SURVEYS 
REPORTS - COMMERCIAL and TAX ESTIMATES OF OIL RESERVES 


Permian Basin Transverse Sections » » 

of West Texas Permian Basin from 
Culberson County to Jones County. Made from examination of outcrops and well samples. Printed on paper 
suitable for additional notations. Folded to Bulletin size in paper covers. These are reprints from “Transverse 
Section of Permian Basin, West Texas and Southeast New Mexico,” by Lon D. Cartwright, Jr., this Bulletin 
(August, 1930).—Two sections, postpaid, $0.20. 
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EXCHANGE BANKS OF TULSA. ina Profits Ex. 


BANK Exchange “25 Exchan ceed $5,000,000 
and Resources 
TRUST National ank TrustCom Exceed 
COMPANY **The Oil Banks of America”’ $70,000,000 


OIL STRUCTURE PROSPECTING 
SWEDISH AMERICAN PROSPECTING CORPORATION 
26 BEAVER ST., NEW YORK 


Sundberg electro-magnetic and Racom (recently naan methods take the place of core drilling 
at much lower cost 


Europeon Subsidiary; Aktiebolaget Elektrisk Malmletning, Stockholm, Sweden 


Speed- Simplicity- Sensitivity 


We Look into the Earth 


by using the Diamond Core Drill and bring- 
ing out a core of all strata so that it can be 
examined and tested. 


Shallow holes to determine structure can be 
drilled at low cost. 


Core drill can be used to complete test that 
2 has failed to reach desired depth. In many 
THE places “wild cat” wells can be drilled with 


HOTCHKISS SUPERDIP the core drill at a fraction of the cost for 


large hole, and the core shows nature and 


For Magnetic Exploration thickness of oil sands. 
PENNSYIVANIA DRILLING CO. 
McBRIDE, INC. Pittsburgh, Pa. 
704 Shell Bidg., St. Louis, Mo. 
Geological and geomagnetic surveys conducted CORE DRILLING CONTRACTORS 
under the direction of 


Dr. Noet H. STERN. Cable Address PENNDRILL, Pittsburgh 
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Structure of Typical 
American Oil Fields 


Symposium on the Relation of Oil Accumulation to Structure. 


Authoritative geological reports on more than 125 typical oil and gas pools 
in Arkansas, California, Colorado, Illinois, Indiana, Kansas, Kentucky, Louis- 
iana, Michigan, Montana, New Mexico, New York, Ohio, Oklahoma, Pennsyl- 
vania, Tennessee, Texas, West Virginia, Wyoming. 


Only a few of these important papers are published in the Association Bulletin. Members and 
Associates now have the opportunity of securing one copy of each of these books at $4.00 per copy. 
Remember how quickly the supply of the Salt Dome Volume became exhausted! 


VOLUME I. 510 pp., illus. 
VOLUME II. 780 pp., 235 illus. 


Cloth. Price, postpaid, $5.00 
Cloth. Price, postpaid, $6.00 


The American Association of Petroleum Geologists 
BOX 1852, TULSA, OKLAHOMA, U. S. A. 
London: Thomas Murby & Co., 1, Fleet Lane, E. C. 4 


PETROGRAPHICAL 
MICROSCOPES 


You can now obtain, at a very 
attractive price, one or more used 
petrographical microscopes in ex- 
cellent condition, complete with 
polarizer and analyzer, three objec- 
tives, two oculars, selenite and 
mica plates, in cabinet. These mi- 
croscopes are guaranteed. We are 
willing to send these microscopes 
for examination or trial on receipt 
of suitable credit references. 


Address: “MICRO,” 


A.A.P.G. HEADQUARTERS 
BOX 1852, TULSA, OKLAHOMA 


REVUE DE GEOLOGIE 


ET DES SCIENCES CONNEXES 


Monthly review of geology and connected 
sciences under the auspices of 
SocréTE GEOLOGIQUE DE BELGIQUE 

with the collaboration of 

The American Mineralogist, Société 
Géologique de France, Service Géol- 
ogique de Pologne, Comitato della 
Rassegna di Geologia, Several Official 
Geological Surveys, Australian Sci- 
ence Abstracts, Bureau d’Histoire 
Naturelle de Prague, and numerous 
Geologists of all parts of the World. 


GENERAL OrFice of the “ Revue de Géologie”’ 
Institut de Géologie, Université de Liége, 
Belgique 
TREASURER of the “Revue de Géologie” 
35, Rue des Armuriers, Liége, Belgique 

Prices: Vol. I (1920) $10.00, Vol. II (1921) $8.00, 
Vol. III (1922) $7.50, Vol. IV’ (1923) $7.00, Vol. V 
(1924) $6.50, Vol. VI (1925) $6.00, Vol. VII (1926) 
$5.75, Vol. VIII (1927) $5.50, Vol. IX (1928) $5.25, 


Vol. X (1929) $5.25, Vol. XI (1930) $5.00 (subscrip- 
tion price). Moderate extra rate for cover if wantes. 


SAMPLE COPY SENT ON REQUEST 
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The Six Latest A. I. M.E. Petroleum 


Volumes at an Unusual Price 


Question: “Why buy these volumes? I'll order separates of the papers I want.” 
Answer: There aren't any separates of papers published as pamphlets (the Institute 
papers have been called TECHNICAL PUBLICATIONS since July 1, 1927); you 
may find a few papers in T. P. form. Possibly 70 per cent of the contents of the 
Petroleum Development and Technology series was published for the first time in the 
volume, and photostats of one paper sometimes cost almost as much as an entire volume. 


The American Institute of Mining and Metallurgical Engineers, 
29 W. 39th Street, New York 


for which I enclose §..................-- 
(C] Production of Petroleum in 1924, 247 pages, cloth bound $2.50 
Petroleum Development and Technology in 1925, 784 pages, cloth 5.00 
(J Petroleum Development and Technology in 1926, 956 pages, cloth bound... ae 


(D] Petroleum Development and Technology in 1927, 844 pages, cloth bound..................... 5.00 
oO Transactions, Petroleum Development and Technology, 1928-29, 622 pages, cloth bound $.00 
(J Transactions, Petroleum Development and Technology, 1930, 610 pages, cloth bound 5.00 


oO Entire set at special combination price. $22.00 
Foreign Postage $0.40 per volume additional. 
Name Address 
(Please include remittance with order) 
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PALEONTOLOGICAL PAPERS 


Special Separates with Covers from 


THE BULLETIN OF 
THE AMERICAN ASSOCIATION 
OF PETROLEUM GEOLOGISTS 


Convenient for use in Laboratory and Field 


Subsurface Stratigraphy of the Coastal Plain of Texas and 
Louisiana, by E. R. Applin, A. C. Ellisor, and H. T. Kniker. 
43 pp.,map,and plate - - - - - - - $0.50 
Correlation of Organic Shales in the Southern End of the San 
Joaquin Valley, California, by E. G. Gaylord and G. D. Hanna. 
An Eocene Fauna from the Moctezuma River, Mexico, by 


J. A. Cushman. Both, 75 pp.,5 plates - - - $0.50 


1926. Texas Jackson Foraminifera, by J. A. Cushman and E. R. 


Applin. 35 pp., 7 plates 


$0.50 


Order direct from The American Association of Petroleum Geologists 


BOX 1852 


TULSA, OKLAHOMA 


‘Publishers: G. E. Stechert & Co., New 
York—David Nutt, London—Felix Alcan, 
Paris—Akad. Verlagsgesellschaft, Leipzig— 
Nicola Zanichelli, Bologna—Ruiz Her- 
manos, Madrid—Livraria Machado, Porto 
—The Maruzen Company, Tokyo. 


**SCIENTIA”’ 


International Review of Scientific Synthesis. 
Published every month (each number con- 
taining 100 to 120 pages). 


Ex-Editor: Evucento Ricnano. Editors: 
F. Bottazzi, G. Bruni, F. ENRIQUES. 


Is Tue Onty Review of scientific synthesis and 
unification that deals with the fundamental ques- 
tions of all sciences; geology, mathematics, 
astronomy, physics, chemistry, biology, psychology, 
and sociology. Its contributors are the most 
illustrious men of science in the world. 


The articles are published in the language of their 
authors and every number has a supplement con- 
taining the French translation of all the articles 
that are not French. The review is thus com- 
pletely accessible to those who know only French. 


(Write for a free copy to the General Secretary - 


of “Scientia,” Milan, sending 12 cents in stamps of 
your country, merely to cover packing and post- 
age.) 


Subscription : Office: Via A. DeTogni 12 
$10, post free. —Milan (116) 


GeneraL Secretary: DR. PAOLO BONETTI 


THAT STRUCTURE MAP? 
THAT TABLE OF FORMATIONS? 
You Want Reliable Information 


Was it PUBLISHED in the BULLETIN? 


Don’t Waste Time and Energy 


Get the Bulletin Index Now 


: : ¢: As Usefulasa Compass : : : 


Complete detailed cross reference key to 
Vols. 1-10 of the Bulletin. This is not a list 
of papers; it is a complete working index. 


Price, $2.00, Postpaid. 


The American Association of 
Petroleum Geologists 


Box 1852 Tulsa, Oklahoma 
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ASKANIA 


Small Torsion Balances 


are especially and the eco- 
favored on : nomic and re- 
account of bel ae f liable opera- 
their short 1 | tion in the field 


period of even in diffi- 


observation | —— cult territories 


Ask for further information on Askania S 


geophysical instruments and apparatus 


AMERICAN ASKANIA CORPORATION: 


622-624 MARINE BANK BLDG., HOUSTON, TEXAS 
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One of the 
Most Complete 
Laboratories in the 
Industry Protects the 
High Standard of Quality 
of » » » 


HUGHES 
TOOLS 


Vv Hughes Rock Bits 
Vv Hughes Core Bits 
Vv Hughes Tool Joints 
Vv Hughes Valves 


Sold by 
| Stores 


Hughes Tool Company 


Main Office and Plant 
HOUSTON - TEXAS 
SERVICE PLANTS EXPORT OFFICES 
Los Angeles Woolworth Building 
Oklahoma City New York City 
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